^ 


V 


« 


7 


"^ 


.J»- 


-:^^ 


//a 


r^ 


Digitized  by  the  Internet  Archive 

in  2009  with  funding  from 

NCSU  Libraries 


http://www.archive.org/details/cyclopediaofarch04amer 


d 

z 

o 

H 
O 

z 

I 

< 

< 
Cu 

CD 

O 

I 

-J 

< 

a: 
z 

O 

a: 
< 

Q 

UJ 

ul 
CC 

a: 

UJ 

H 

< 


DO 

B 


O 

U, 


u 

Q 


c 
o 
oi) 
c 


Cu 
=3 


/ 


Cyclopedia 

of 

Architecture,  Carpentry 
and  Building 


A    General   Referetice    Work 

ON        ARCHITECTURE,        CARPENTRY,        BUILDING,        SUPERINTENDENCE, 

CONTRACTS,    SPECIFICATIONS,     BUILDING    LAW,    STAIR-BUILDING, 

ESTIMATING,    MASONRY,    REINFORCED    CONCRETE,    STEEL 

CONSTRUCTION,   ARCHITECTURAL  DRAWING,  SHEET 

METAL  WORK,  HEATING,  VENTILATING,  ETC. 


Prepared  by  a   Staff  of 

ARCHITECTS,    BUILDERS,    AND    EXPERTS    OF    THE    HIGHEST 

PROFESSIONAL    STANDING 


Illustrated  with  over  Three  Thousand  Engravings 


TEN     VOLUMES 


CHICAGO 

AMERICAN  TECHNICAL   SOCIETY 

1908 


Copyright,  1907 

BY 

AMERICAN    SCHOOL   OF   CORRESPONDENCE 
Copyright,  1907 

BY 

AMERICAN   TECHNICAL   SOCIETY 


Entered  at  Stationers'  Hall,  London 
All  Rights  Reserved 


Authors  and  Collaborators 


JAMES  C.  PLANT 

Superintendent  of  Computing    Division,    Office  of   Supervising  Architect,   Treasury, 
Washingrton,  D.  C. 

WALTER  LORING  WEBB,  C.  E. 

Consulting  Civil  Engineer. 

Author  of  "Railroad  Construction,"  "Economics  of  Railroad  Construction,"  etc 


J.  R.  COOLIDGE,  Jr.,  A.  M. 

Architect,  Boston. 

President,  Boston  Society  of  Architects. 

Acting  Director,  Museum  of  Fine  Arts,  Boston. 


H.  V.  VON  HOLST,  A.  B.,  S.  B. 

Architect,  Chicago. 

President,  Chicago  Architectural  Club. 


FRED  T.  HODGSON 

Architect  and  Editor. 

Member  of  Ontario  Association  of  Architects. 

Author  of  "Modern  Carpentry,"  "Architectural  Drawing,  Self-Taught,"   "The  Steel 
Square,"  "  Modern  Estimator,"  etc. 

^• 

ALFRED  E.  ZAPF,  S.  B. 

Secretary,  American  School  of  Correspondence. 


AUSTIN  T.  BYRNE 

Civil  Engineer. 

Author  of  "  Highway  CoiiStruction,"  "Materials  and  Workmanship." 


HARRIS  C.  TROW,  S.  B. 

Editor  of  Textbook  Department,  American  School  of  Correspondence. 
American  Institute  of  Electrical  Engineers. 

WM.  H.  LAWRENCE,  S.  B. 

Associate  Professor  of  Architecture,  Massachusetts  Institute  of  Technology. 


Authors  and  Collaborators— Continued 


EDWARD  NICHOLS 

Architect,  Boston. 

H.  W.  GARDNER,  S.  B. 

Assistant  Professor  of  Architecture,  Massachusetts  Institute  of  Technology. 

■»• 

ALFRED  E.  PHILLIPS,  C.  E.,  Ph.  D. 

Professor  of  Civil  Engineering,  Armour  Institute  of  Technology. 


GEORGE  C.  SHAAD,  E.  E. 

Assistant  Professor  of  Electrical  Engineering,  Massachusetts  Institute  of  Technology. 


MORRIS  WILLIAMS  , 

Writer  and  Expert  on  Carpentry  and  Building. 

HERBERT  E.  EVERETT 

Department  of  Architecture,  University  of  Pennsylvania. 

E.  L.  WALLACE,  B.  S. 

Instructor,  American  School  of  Correspondence. 
American  Institute  of  Electrical  Engineers. 


OTIS  W.  RICHARDSON,  LL.  B. 

Of  the  Boston  Bar. 


WM.  G.  SNOW,  S.  B. 

Steam  Heating  Specialist. 

Author  of  "  Furnace  Heating,"  Joint  Author  of  "  Ventilation  of  Buildings."' 

American  Society  of  Mechanical  Engineers. 

W.  HERBERT  GIBSON,  C.  E. 

Expert  on  Reinforced  Concrete. 

ELIOT  N.  JONES,  LL.  B. 

Of  the  Boston  Bar. 


Authors  and  Collaborators— Continued 


R.  T.  MILLER,  Jr.,  A.  M.,  LL.  B. 

President,  American  School  of  Correspondence. 

WM.  NEUBECKER 

Instructor,  Sheet  MeUl  Department  of  New  York  Trade  School. 

WxM.  BEALL  GRAY 

Sanitary  Engineer. 

Member  of  National  Association  of  Master  Plumbers. 

V» 

EDWARD  MAURER,  B.  C.  E. 

Professor  of  Mechanics,  University  of  Wisconsin. 


EDWARD  A.  TUCKER,  S.  B. 

Architectural  Engineer. 

Member  of  the  American  Society  of  Civil  Engineers. 


EDWARD  B.  WAITE 

Head  of  Instruction  Department,  American  School  of  Correspondence. 
American  Society  of  Mechanical  Engineers. 
Western  Society  of  Engineers. 


ALVAH  HORTON  SABIN,  M.  S. 

Lecturer  in  New  York  University. 

Author  of  '■  Technology  of  Paint  and  Varnish,"  etc. 

American  Society  of  Mechanical  Engineers. 


GEORGE  R.  METCALFE,  M.  E. 

Head  of  Technical  Publication  Department.  Westinghouse  Elec.  &  Mfg.  Co. 

Formerly  Technical  Editor,  Street  Railway  Review. 

Formerly  Editor  of  Textbook  Department.  American  School  of  Correspondence. 


HENRY  M.  HYDE 

Author,  and  Editor  "The  Technical  World  Magazine." 

CHAS.  L.  HUBBARD,  S.  B.,  M.  E. 

Consulting  Engineer. 

With  S.  Homer  Woodbridge  Co.,  Heating,  Ventilating,  and  Sanitary  Engir 


Authors  and  Collaborators— Continued 


FRANK  CHOUTEAU  BROWN 

Architect,  Boston. 

Author  of  "  Letters  and  Lettering." 


DAVID  A.  GREGG 

Teacher  and  Lecturer  in  Pen  and  Ink  Rendering,  Massachusetts  Institute  of  Technology. 


CHAS.  B.  BALL 

Civil  and  Sanitary  Engineer. 
American  Society  of  Civil  Engineers. 


ERVIN  KENISON,  S.  B. 

Instructor  in  Mechanical  Drawing,  Massachusetts  Institute  of  Technology. 


CHAS.  E.  KNOX,  E.  E. 

Consulting  Electrical  Engineer. 

American  Institute  of  Electrical  Engrineers. 


JOHN  H.  JALLINGS 

Mechanical  Engineer 


FRANK  A.  BOURNE,  S.  M.,  A.  A.  L  A. 

Architect,  Boston. 

Special  Librarian,  Department  of  Fine  Arts,  Public  Library,  Boston. 


ALFRED  S.  JOHNSON,  Ph.  D. 

Formerly  Editor  "  The  Technical  World  Magazine." 


GILBERT  TOWNSEND,  S.  B. 

With  Post  &  McCord,  New  York  City. 


HENRY  C.  BUCK,  A.  B.,  A.  M. 

Instructor,  American  School  of  Correspondence. 
American  Institute  of  Electrical  Engineers. 


Authorities   Consulted 


THE  editors  have  freely  consulted  the  standard  technical  literature 
of  America  and  Europe  in  the  preparation  of  these  volumes.  They 
desire  to  express  their  indebtedness  particularly  to  the  following 
eminent  authorities  whose  well-known  works  should  be  in  the  library  of 
everyone  connected  with  building. 

Grateful  acknowledgment  is  here  made  also  for  the  invaluable  co- 
operation of  the  foremost  architects,  engineers,  and  builders  in  making 
these  volumes  thoroughly  representative  of  the  very  best  and  latest  prac- 
tice in  the  design  and  construction  of  buildings;  also  for  the  valuable 
drawings  and  data,  suggestions,  criticisms,  and  other  courtesies. 


J.  B.  JOHNSON,  C.  E. 

Formerly  Dean,  College  of  Mechanics  and  Engineering-,  University  of  Wisconsin. 

Author  of  "Engineering  Contracts  and  Specifications,"  "Materials  of  Construction," 
Joint  Author  of  "Theory  and  Practice  in  the  Designing  of  Modern  Framed  Struc- 
tures." 

JOHN  CASSAN  WAIT,  M.  C.  E.,  LL.  B. 

Counselor-at-Law  and  Consulting  Engineer ;    Formerly  Assistant  Professor  of  Engineer- 
ing at  Harvard  University. 
Author  of  "  Engineering  and  Architectural  Jurisprudence." 

T.  M.  CLARK 

Fellow  of  the  American  Institute  of  Architects. 

Author  of  "Building  Superintendence,"  "Architect,  Builder,  and  Owner  before  the 
Law." 

FRANK  E.  KIDDER,  C.  E.,  Ph.  D. 

Consulting  Architect  and  Structural  Engineer;  Fellow  of  the  American  Institute  of 
Architects. 

Author  of  "Architect's  and  Builder's  Pocket- Book,"  "Building  Construction  and 
Superintendence  ;  Part  I,  Masons'  Work  ;  Part  II,  Carpenters'  Work  ;  Part  III, 
Trussed  Roofs  and  Roof  Trusses ; "  "  Churches  and  Chapels." 

AUSTIN  T.  BYRNE,  C.  E. 

Civil  Engineer. 

Author  of  "Inspection  of  Materials  and  Workmanship  Employed  in  Construction," 
"  Highway  Construction." 

W.  R.  WARE 

Formerly  Professor  of  Architecture,  Columbia  University. 
Author  of  "  Modern  Perspective." 


Authorities  Consulted— Continued 


CLARENCE  A.  MARTIN 

Professor  of  Architecture  at  Cornell  University. 
Author  of  "  Details  of  Building:  Construction." 


FRANK  N.  SNYDER 

Architect. 

Author  of  "Building  Details." 

^« 

CHARLES  H.  SNOW 

Author  of  "The  Principal  Species  of  Wood,  Their  Characteristic  Properties." 

^* 

OWEN  B.  MAGINNIS 

Author  of  "  How  to  Frame  a  House,  or  House  and  Roof  Framing." 

HALBERT  P.  GILLETTE,  C.  E. 

Author  of  "Handbook  of  Cost  Data  for  Contractors  and  Engineers." 

V» 

OLIVER  COLEMAN 

Author  of  "Successful  Houses." 

CHAS.  E.  GREENE,  A.  M.,  C.  E. 

Formerly  Professor  of  Civil  Engineering,  University  of  Michigan. 
Author  of  "Structural  Mechanics." 

LOUIS  de  C.  BERG 

Author  of  "  Safe  Building." 

GAETANO  LANZA,  S.  B.,  C.  «&  M.  E. 

Professor  of  Theoretical  and  Applied  Mechanics.  Massachusetts  Institute  of  Technology. 
Author  of  "Applied  Mechanics." 

V» 

IRA  O.  BAKER 

Professor  of  Civil  Engineering,  University  of  Illinois. 
Author  of  "  A  Treatise  on  Masonry  Construction." 

GEORGE  P.  MERRILL 

Author  of  "Stones  for  Building  and  Decoration." 

FREDERICKW.TAYLOR,M.E.,andSANFORD  E.THOMPSON,  S.B.,C.E. 

Joint  Authors  of  "A  Treatise  on  Concrete,  Plain  and  Reinforced." 


Authorities  Consulted— Continued 


A.  W.  BUEL  and  C.  S.  HILL 

Joint  Authors  of  "  Reinforced  Concrete." 

NEWTON  HARRISON,  E.  E. 

Author  of  "Electric  Wiring,  Diagrams  and  Switchboards." 


FRANCIS  B.  CROCKER,  E.  M.,  Ph.  D. 

Head  of  Department  of  Electrical  Engineering,  Columbia  University  ;  Past  President, 

American  Institute  of  Electrical  Engineers. 
Author  of  "  Electric  Lighting." 


J.  R.  CRAVATH  and  V.  R.  LANSINGH 

Joint  Authors  of  "  Practical  Illumination." 


JOSEPH  KENDALL  FREITAG,  B.  S.,  C.  E. 

Author  of  "  Architectural  Engineering,"  "  Fireproofing  of  Steel  Buildings." 

WILLIAM  H.  BIRKMIRE,  C.  E. 

Author  of  "  Planning  and  Construction  of  High  Office  Buildings, "  "  Architectural  Iron 
and  Steel,  and  Its  Application  in  the  Construction  of  Buildings,"  "Compound 
Riveted  Girders,"  "  Skeleton  Structures,"  etc. 

EVERETT  U.  CROSBY  and  HENRY  A.  FISKE 

Joint  Authors  of  "  Handbook  of  Fire  Protection  for  Improved  Risk." 

CARNEGIE  STEEL  COMPANY 

Authors  of  "  Pocket  Companion,  Containing  Useful  Information  and  Tables  Appertain- 
ing to  the  Use  of  Steel." 

J.  C.  TRAUTWINE,  C.  E. 

Author  of  "Civil  Engineer's  Pocket-Book." 

ALPHA  PIERCE  JAMISON,  M.  E. 

Assistant  Professor  of  Mechanical  Drawing,  Purdue  University. 
Author  of  "Advanced  Mechanical  Drawing." 

FRANK  CHOUTEAU  BROWN 

Architect,  Boston. 

Author  of  "  Letters  and  Lettering." 


Authorities  Consulted— Continued 


HENRY  McGOODWIN 

Author  of  "  Architectural  Shades  and  Shadows." 

VIGNOLA 

Author  of  "The  Five  Orders  of  Architecture."  American  Edition  by  Prof.  Ware. 

^- 

CHAS.  D.  MAGINNIS 

Author  of  "  Pen  Drawing,  An  Illustrated  Treatise." 

FRANZ  S.  MEYER 

Professor  in  the  School  of  Industrial  Art,    Karlsruhe. 
Author  of  "  Handbook  of  Ornament,"  American  Edition. 

RUSSELL  STURGIS 

Author  of  "A  Dictionary  of  Architecture  and  Building-,"  and    "How  to  Judge  Archi- 
tecture." 


A.  D.  F.  HAMLIN,  A.  M. 

Professor  of  Architecture  at  Columbia  University. 
Author  of  "  A  Te.xtbook  of  the  History  of  Architecture." 


RALPH  ADAMS  CRAM 

Architect. 

Author  of  "Church  Building." 


C.  H.  MOORE 

Author  of  "  Development  and  Character  of  Gothic  Architecture.'" 

ROLLA  C.  CARPENTER,  C.  E.,  M.  M.  E. 

Professor  of  Experimental  Engineering,  Cornell  University. 
Author  of  "  Heating  and  Ventilating  Buildings." 


WILLIAM  PAUL  GERHARD 

Author  of  "A  Guide  to  Sanitary  House  Inspection." 

I.  J.  COSGROVE 

Author  of  "Principles  and  Practice  of  PlumbinK." 


o 

H 


0) 

a 
I— I 

o 

1> 


•> 

. 

Pi 

kJ 

a 

W! 

o5 

o 

H 

hfl 

a 

(-| 

o 

Oi 

*f-( 

b 

r/) 

.a 

h 

O 

ril 

(1) 

K 

^ 

0^ 

<J 

< 

0 

U 

OJ 

^ 

S^ 

o 

H 

fl 

pj 

O 

}-i 

•<-< 

fH 

<! 

-a 

3J 

s 

^ 

O 

K 

0) 

■^r 

< 

<D 

O 

Ol 

^ 

Q 

P. 

m 

■a 

aj 

K 

fl 

Ph 

5-t 

r: 

K 

OJ 

m 

s 

•fH 

> 

hJ 

S-i 

< 

o 

4^ 

u. 

M 

o 

W 

z 

Ph 

to 

CO 

< 

S 

M 
O 
Q 

CQ 

s 


< 

Q 

< 
H 


I 


8 

« 

a 
^"  a' 

■to    o 
I-    «> 

a  6>< 


o  o   .2 


<a  fe) 


u 
o 


H 

CO 

K    a 

>  « 
a    o 


>  a 
OS  <c 
<   « 


Jo  •«« 
S  s» 


9. 


Foreword 


I  HE  rapid  evolution  of  constructive  methods  in  recent 
|-v_  years,  as  illustrated  in  the  use  of  steel  and  concrete, 
^{T"5"^^"  ^^^^^  ^^*^  increased  size  and  complexity  of  buildings, 
has  created  the  necessity  for  an  authority  which  shall 
embody  accumulated  experience  and  approved  practice  along  a 
variety  of  correlated  lines.  The  Cyclopedia  of  Architecture, 
Carpentry,  and  Building  is  designed  to  till  this  acknowledged 
need. 

^  There  is  no  industry  that  compares  with  Building  in  the 
close  interdependence  of  its  subsidiary  trades.  The  Architect, 
for  example,  who  knows  nothing  of  Steel  or  Concrete  con- 
struction is  to-day  as  much  out  of  place  on  important  work 
as  the  Contractor  who  cannot  make  intelligent  estimates,  or  who 
understands  nothing  of  his  legal  rights  and  responsibilities.  A 
carpenter  must  now  know  something  of  ^lasonry.  Electric  Wiring, 
and,  in  fact,  all  other  trades  employed  in  the  erection  of  a  build- 
ing; and  the  same  is  true  of  all  the  craftsmen  whose  handiwork 
will  enter  into  the  completed  structure. 

^  Neither  pains  nor  expense  have  been  spared  to  make  the 
present  work  the  most  comprehensive  and  authoritative  on  the 
subject  of  Building  and  its  allied  industries.  The  aim  has  been, 
not    merely  to    create  a  work  which  will  appeal    to    the    trained 


expert,  but  one  tli;it  will  c-oiiiiiu'iid  itst^f  also  to  the  beginner 
and  the  self-taught,  practical  man  by  giving  him  a  working 
knowledge  of  the  ])rinciples  and  metliods,  not  only  of  his  own 
particular  trade,  but  of  all  other  branches  of  the  Building  Indus- 
try as  well.  The  various  sections  liave  ])een  prepared  especially 
for  home  study,  each  written  by  an  acknowledged  authority  on 
the  sul)ject.  The  arrangement  of  matter  is  such  as  to  carry  the 
student  forward  l)y  easy  stages.  Series  of  review  questions  are 
inserted  in  each  volume,  enabling  the  reader  to  test  his  knowl- 
edge and  make  it  a  permanent  ])Ossession.  The  illustrations  have 
been  selected  with  unusual  care  to  elucidate  the  text. 

^  The  work  will  be  found  to  cover  many  important  topics  on 
which  little  information  has  heretofore  been  available.  This  is 
especially  apparent  in  such  sections  as  those  on  Steel,  Concrete, 
and  Ileinforced  Concrete  Construction;  l^uilding  Superintendence; 
Estimating;  Contracts  and  Specifications,  including  the  princi- 
ples and  methods  of  awarding  and  executing  Government  con- 
tracts;  and  Buildino;  Law. 

C  The  Cyclopedia  is  a  compilation  of  many  of  the  most  valu- 
able Instruction  Papers  of  the  American  School  of  Correspond- 
ence, and  the  method  adopted  in  its  jireparation  is  that  which  this 
School  has  developed  and  employed  so  successfully  for  many  years. 
This  method  is  not  an  experiment,  but  has  stood  the  severest  of  all 
tests — that  of  practical  use — which  has  demonstrated  it  to  be  the 
best  yet  devised  for  the  education  of  the  busy  working  man. 

€1,  In  conclusion,  grateful  acknowledgment  is  due  the  staff  of 
authors  and  collaborators,  without  whose  hearty  co-operation 
this  work  would  have  been  impossible. 
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REINFORCED  CONCRETE 

PART  I 


CEMENT 

The  discussion  of  cementing  materials  will  here  be  confined  to 
Portland  cement.  A  treatise  on  masonr}'  will  usually  include  a 
discussion  of  the  various  forms  of  lime  and  other  cementing  materials. 
These  are  cheaper  and  sometimes  justifiably  economical  in  large 
masses  of  masonry.  There  is  hardly  an  exception  to  the  general 
statement  that  Portland  cement  is  the  only  fonn  of  ceme;iting  material 
which  should  be  used  in  reinforced  concrete. 

Characteristics  of  Portland  Cement.  The  value  of  cement  as  a 
building  material  depends  on  the  following  general  qualities.  When 
mixed  with  w^ater  and  allowed  to  set,  it  should  harden  in  a  few  hours 
and  should  develop  a  considercible  proportion  of  its  ultimate  strength 
in  a  few  days.  It  must  also  have  the  characteristic  of  permanency  so 
that  no  material  change  in  form  or  volume  will  take  place  on  account 
of  inherent  qualities  or  as  the  result  of  exterior  agencies.  There 
always  is  a  slight  shrinkage  of  the  volume  of. cement  and  concrete 
(luring  the  process  of  setting  and  hardening,  but  with  any  good 
quality  of  cement  this  shrinkage  is  not  so  great  as  to  be  objectionable. 
Another  very  essential  quality  is  that  the  cement  shall  not  lose  its 
strength  with  age.  Although  some  long-time  tests  of  cement  have 
apparently  indicated  a  slight  decrease  in  the  strength  of  cement  after 
the  first  year,  the  decrease  is  so  slight  that  it  need  not  affect  the  design 
of  concrete,  even  assuming  the  accuracy  of  the  general  statement. 

CEMENT  TESTING 

The  thorough  testing  of  cement,  as  it  is  done  for  the  largest 
public  W'orks,  should  properly  be  done  in  a  professional  testing 
laborator}\  A  text-book  of  several  hundred  pages  has  recently  been 
written  on  this  subject.  The  ultimate  analysis  and  testing  of  cement, 
both  chemically  and  physically,  is  beyond  the  province  of  the  ordinary 
engineer.     But  the  ordinary  engineer  does  have  frequent  occasion 
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to  obtain  ccinont  in  small  quantities  ^vhen  testing  in  professional 
laboratories  is  inconvenient  or  unduly  expensive.  Fortunately  it 
is  possible  to  make  some  simple  tests  without  elaborate  apparatus 
which  will  at  least  show  whether  the  cement  is  radically  defective 
and  unfit  for  use.  It  is  unfortunately  true  that  an  occasional  barrel 
of  even  the  best  brand  of  cement  will  prove  to  be  very  inferior  to  the 
standard  output  of  that  brand.  This  practically  means  that  in  any 
important  work,  using  a  large  quantity  of  cement,  it  is  not  sufficient 
to  choose  a  brand,  as  the  result  of  preliminary  favorable  tests,  and 
then  accept  all  shipments  without  further  test.  Several  barrels  in 
every  carload  should  be  sampled  for  testing.  It  is  not  too  much  to 
prescribe  that  every  barrel  should  be  tested  by  at  least  a  few  of  the 
simpler  forms  of  testing  given  below.  The  following  methods  of 
testing  are  condensed  from  the  progress  report  of  the  Committee  on 
I'niform  Tests  of  Cement,  as  selected  by  the  American  Society  of 
Civil  Engineers.  The  statements  may  therefore  be  considered  as 
having  the  highest  authority  obtainable  on  this  subject. 

Sampling.  The  number  of  samples  that  should  be  taken 
depends  on  the  importance  of  the  work  but  it  is  chiefly  important 
that  the  sample  should  represent  a  fair  average  of  the  contents.  The 
sample  should  be  passed  through  a  sieve  having  twenty  meshes  per 
linear  inch,  in  order  to  break  up  lumps  and  remove  any  foreign 
material.  If  several  small  amounts  are  taken  from  different 
parts  of  the  package,  thi^  also  insures  that  the  samples  will  be  mixed 
so  that  the  result  will  be  a  fair  average.  When  it  is  only  desired  to 
determine  the  average  characteristic  of  a  shipment,  the  samples  taken 
from  different  parts  of  the  shipment  may  be  mixed,  but  it  will  give 
a  better  idea  of  the  uniformity  of  the  product  to  analyze  the  dif- 
ferent samples  separately.  Cement  should  be  taken  from  a  barrel 
by  boring  a  hole  through  the  center  of  one  of  the  staves,  midway 
between  the  heads,  or  through  the  head.  A  portion  of  the  cement  can 
then  be  withdrawn,  even  from  the  center,  by  means  of  a  sampling  iron 
similar  to  that  used  by  sugar  inspectors. 

Chemical  Analysis.  Ordinarily,  it  is  impracticable  for  an 
engineer  \o  make  a  chemical  analysis  of  cement  which  will  furnish 
reliable  information  regarding  its  desirability,  but  the  engineer 
shoukl  understand  something  regarding  the  desirable  chemical 
constituents  of  the  cement.     It  should  be  realized  that  the  fineness 
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of  the  grinding  and  the  thoroughness  of  the  burning  may  have  a  far 
greater  influence  on  the  vahie  of  the  cement  than  slight  variations 
from  the  recognized  standard  proportions  of  the  various  chemical 
constituents.  Too  high  a  proportion  of  lime  will  cause  failure  in 
the  test  for  soundness  or  constancy  of  volume,  although  a  cement 
may  fail  on  such  a  test  owing  to  improper  preparation  of  the  raw 
material  or  defective  burning.  On  the  other  hand,  if  the  cement 
is  made  from  very-  finely  ground  material  and  is  thoroughly  burned, 
it  may  contain  a  considerable  excess  of  lime  and  still  prove  perfectly 
sound.  The  permissible  amount  of  magnesia  in  Portland  cement 
is  the  subject  of  considerable  controversy.  Some  authorities  say 
that  an\^hing  in  excess  of  8  per  cent  is  harmful,  others  declare  that 
the  amount  should  not  exceed  4  per  cent  or  5  per  cent.  The  pro- 
portion of  sulphuric-anhydride  should  not  exceed  1.75  per  cent.  It 
may  be  considered  that  the  other  tests  of  cement  are  a  far  more  reli- 
able indication  of  its  quality  than  any  small  variation  in  the  chemical 
constituents  from  the  proportions  usually  considered  standard. 

Specific  Gravity.    The  specific  gravity  of  cement  is  lowered  by 
iinder-hurniiig,  adulteration,  and  hydration,  but  the  adulteration  must 
be  in  considerable  quantities  to  affect  the  results.     Since  the  dif- 
ferences in  specific  gravity  are  usually  very  small,  great  care  must  be 
exercised  in  making  the  tests.     When  properly  made,  the  tests  afford 
a  quick  check  for  under-burning  or  atlulteration.     The  determination 
of  specific  gravity  is  conveniently  made  with  Le  Chatelier's  apparatus. 
This  consists  of  a  flask  D,  Fig.  1,  of  120-cu.  cm.  (7.32-cu.  in.)  capac- 
ity, the  neck  of  which  is  about  20  cm.  (7.87  in.)  long;  in  the  middle 
of  this  neck  is  a  ball  C,  above  and  below  AAhich  are  two  marks  F  and 
E;  the  volume  between  these  marks  is  20  cu.  cm.  (1.22  cu.  in.).    The 
neck  has  a  diameter  of  about  9  mm.  (0.35  in.),  and  is  graduated  into 
tenths  of  cu.  cm.  above  the  mark  F.     Benzine  (62°  Baume  naphtha), 
or  kerosene  free  from  water,  should  be  used  in  making  the  determina- 
tion. 

The  specific  gravity  may  be  determined  in  two  ways: 

First.     The  flask  is  filled  with  either  of  these  liquids  to  the  lower 

mark  E,  and  64  gr.  (2.25  oz.)  of  powder,  previously  dried  at  100° 

Cent.   (212°  Fahr.)  and  cooled  to  the  temperature  of  the  liquid,  is 

gradually  introduced  through  the  funnel  B  (the  stem  of  which  extends 
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into  the  flask  to  the  top  of  the  bulb  C)  until  the  proper  mark  F  is 
reached.  The  difference  in  weight  between  the  cement  remaining 
and  the  original  (}uantity  (C4  gr.)  is  the  weight  which  has  displaced 
20  cu.  cm. 

Second.     The  whole  quantity  of  powder  is  introduced,  and  the 


Fig.    1.    Le  Chatelier's  Apparatus  for  Determiuing  Specific  Gravity. 

level  of  the  liquid  rises  to  some  division  of  the  graduated  neck.  This 
reading  plus  20  cu.  cm.  is  the  volume  displaced  by  G4  gr.  of  the  powder. 
The  specific  gravity  is  then  obtained  from  the  formula: 


Specific  Cravity 


Weight  of  cement 
Displaced  volume 


The  flask  during  the  operation  is  kept  in  water  in  a  jar  A  in 
order  to  avoid  variation  in  the  temperature  of  the  liquid.  The 
results  should  agree  within  0.01.  The  specific  gravity  of  cement 
thoroughly  dried  at  100°  Cent,  should  not  be  less  than  3.10. 

Fineness.  It  is  generally  accepted  that  the  coarser  materials 
in  cement  are  practically  inert,  and  it  is  only  the  extremely  fine  powder 
that  possesses  adhesive  cementing  qualities.     The  more  finely  cement 
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is  pulverized;  all  other  conditions  being  the  same,  the  more  sand 
it  will  carry  and  produce  a  mortar  of  a  given  strength.  The  degree 
of  pulverization  which  the  cement  receives  at  the  place  of  manu- 
facture is  ascertained  by  measuring  the  residue  retained  on  certain 
sieves.  Those  known  as  No.  1 00  and  No.  200  sieves  are  recommended 
for  this  purpose.  The  sieve  should  be  circular,  about  20  cm.  (7.87 
inches)  in  diameter,  6  cm.  (2.36  inches)  high,  and  provided  with 
a  pan  5  cm.  (1.97  inches)  deep,  and  a  cover.  The  wire  cloth  should 
be  woven  from  brass  wire  having  the  following  diameters:  No.  100 
0.0045  inches;  No.  200,  0.0024  inches.  This  cloth  should  be  mounted 
on  the  frame  without  distortion.  The  mesh  should  be  regular  in 
spacing  and  be  within  the  following  limits: 

No.  100,    96  to  100  meshes  to  the  linear  inch. 
No.  200,  188  to  200  meshes  to  the  linear  inch. 

50  grams  (1.76  oz.)  or  100  gr.  (3.52  oz.)  should  be  used  for  the  test 
and  dried  at  a  temperature  of  100°  Cent,  or  212°  Fahr.,  prior  to 
sieving. 

The  thoroughly  dried  and  coarsely  screened  sample  is  weighed 
and  placed  on  the  No.  200  sieve,  which,  with  pan  and  cover  attached, 
is  held  in  one  hand  in  a  slightly  inclined  position,  and  moved  forward 
and  backward,  at  the  same  time  striking  the  side  gently  with  the  palm 
of  the  other  hand,  at  the  rate  of  about  200  strokes  per  minute.  The 
operation  is  continued  until  not  more  than  jL  of  1  per  cent  passes 
through  gfter  one  minute  of  continuous  sieving.  The  residue  is 
weighed,  then  placed  on  the  No.  100  sieve  and  the  operation  repeated. 
The  work  may  be  expedited  by  placing  in  the  sieve  a  small  quantity  of 
large  shot.  The  results  should  be  reported  to  the  nearest  tenth  of 
1  per  cent. 

It  shall  leave  by  weight  a  residue  of  not  more  than  8  per  cent 
on  the  No.  100,  and  not  more  than  25  per  cent  on  the  No.  200  sieve. 

Normal  Consistency.  The  use  of  a  proper  percentage  of  water 
in  making  the  pastes,  cement  and  water,  from  which  pats,  tests  of 
setting,  and  briquettes  are  made,  is  exceedingly  important,  and  affects 
vitally  the  results  obtained.  The  determination  consists  in  measuring 
the  amount  of  water  required  to  reduce  the  cement  to  a  given  state  of 
plasticity,  or  to  what  is  usually  designated  the  normal  consistency. 
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Various  methods  liave  been  proposed  for  making  this  determination, 
none  of  which  has  been  found  entirely  satisfactory.  The  Committee 
recommends  the  following: 

The  apparatus  for  this  test  consists  of  a  frame  K,  Fig.  2,  bearing 
a  movable  rod  L,  with  the  cap  A  at  one  end,  and  at  the  other  the 
cylinder  B,  1  cm.  (0.39  in.)  in  diameter,  the  cap,  rod,  and  cylinder 
weighing  300  gr.  (10.58  oz.).'    The  rod,  which  can  be  held  in  any 
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Fig.  2.    Apparatus  for  Testing  Normal  Consistency  of  Cement. 

desired  position  by  a  screw  F,  carries  an  indicator,  which  moves 
over  a  scale  (graduated  to  centimeters)  attached  to  the  frame  K. 
The  paste  is  held  by  a  conical,  hard-rubber  ring  I,  7  cm.  (2.76  in.) 
in  diameter  at  the  base,  4  cm.  (1.57  in.)  high,  resting  on  a  glass 
plate  J  about  10  cm.  (3.04  in.  square). 

In  making  the  determination,  the  same  quantity  of  cement  as 
will  be  subse(juently  used  for  each  batch  in  making  the  briquettes 
(but  not  less  than  500  grams)  is  kneaded  into  a  paste,  as  described 
later  in  paragra])h  on  "Mixing,"  and  (|uickly  formed  into  a  ball  with 
the  hands,  completing  the  operation  by  tossing  it  six  times  from  one 
hand  to  the  other,  maintained  C  inches  apart;  the  ball  is  then  pressed 
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into  the  rubber  ring,  through  the  larger  opening,  smoothed  off,  and 
placed  (on  its  large  end)  on  a  glass  plate  and  the  smaller  end  smoothed 
off  with  a  trowel;  the  paste  confined  in  the  ring,  resting  on  the  plate, 
is  placed  under  the  rod  bearing  the  cylinder,  which  is  brought  in 
contact  with  the  surface  and  quickly  released. 

The  paste  is  of  normal  consistency  when  the  cylinder  penetrates 
to  a  point  in  the  mass  10  mm.  (0.39  in.)  below  the  top  of  the  ring. 
Great  care  must  be  taken  to  fill  the  ring  exactly  to  the  top.  The 
trial  pastes  are  made  with  varWng  percentages  of  water  until  the  cor- 
rect consistency  is  obtained.  The  Committee  has  recommended,  as 
normal,  a  paste  the  consistency  of  which  is  rather  wet,  because  it 
believes  that  variations  in  the  amount  of  compression  to  which  the 
briquette  is  subjected  in  moulding  are  likely  to  be  less  with  such  a 
paste.  Having  determined  in  this  manner  the  proper  percentage 
of  water  rec[uired  to  produce  a  paste  of  normal  consistency,  the  proper 
percentage  required  for  the  mortars  is  obtained  from  an  empirical 
formula.  The  Committee  hopes  to  devise  a  formula.  The  sub- 
ject proves  to  be  a  very  diflficult  one,  and,  although  the  Committee 
has  given  it  much  study,  it  is  not  }et  prepared  to  make  a  definite 
recommendation. 

Note.     The  Committee  on  Standard  Specifications  for  Cement 

inserts  the  following  table  for  temporary-  use  to  be  replaced  by  one 

to  be  devised  by  the  Committee  of  the  American  Society  of  Civil 

Engineers. 

TABLE  I 

Percentage  of  Water  for  Standard  Sand  Mortars 


Percentage 

One  Cement 

Pebcentagk 

One  Cement 

Percentage 

One  Cement 

OF  Water 

Three 

OF  W.\TEB 

Three 

OF  Water 

Three 

FOR 

Standard 

FOR 

Standard 

FOR 

Standard 

Neat  Cement 

Ottawa  Sand 

Neat  Cement 
23 

Ottawa  Sand 
9.3 

Neat  Cement 

Ottawa Sand 

15 

8.0 

31 

10.7 

16 

8.2 

24 

9.5 

32 

10.8 

17 

8.3 

25 

9.7 

33 

11.0 

18 

8.5 

26 

9.8 

34 

11.2 

19 

8.7 

27 

10.0 

35 

11.5 

20 

8.8 

28 

10.2 

36 

11.5 

21 

9.0 

29 

10.8 

37 

11.7 

22 

9.2 

30 

10.5 

38 

11.8 

1  to  1 

1  to  2 

1  to  3 

1  to  4 

1  to  5 

Cement 

500 

333 

250 

200 

167 

Sand 

500 

666 

750 

800 

833 

Time  of   Setting.     The  object  of  this  test  is  to  determine  the 
time  which  elapsed  from  the  moment  water  is  added  until  the  paste 


17 


8  REINFORCED  CONCRETE 

ceases  to  be  fluid  and  plastic  (called  the  "initial  set"),  and  also  the 
time  rcquired  for  it  to  ac(juire  a  certain  degree  of  hardness  (called 
the  "final"  or  "hard  set").  The  former  of  these  is  the  more  important, 
since,  with  the  commencement  of  setting,  the  process  of  crystalliza- 
tion or  hardening  is  said  to  begin.  As  a  disturbance  of  this  process 
may  produce  a  loss  of  strength,  it  is  desirable  to  complete  the  opera- 
tion of  mixing  and  moulding  or  incorporating  the  mortar  into  the 
work  before  the  cement  l)egins  to  set.  It  is  usual  to  measure  arbi- 
trarily the  beginning  and  end  of  the  setting  by  the  penetration  of 
weighte<l  wires  of  given  diameters. 

For  this  purpose  the  Vicat  Needle,  which  has  already  been  de- 
scribed, should  be  used.  In  making^the  test,  a  paste  of  normal  consist- 
ency is  moulded  and  placed  under  the  rod  L,  Fig.  2,  as  described  in  a 
previous  paragraph.  Thi;s  rod  bears  the  cap  D  at  one  end  and  the 
needle  H,  1  mm.  (0.039  in.)  in  diameter,  at  the  other,  and  weighs 
300  gr.  (10.58  oz.).  The  needle  is  then  carefully  brought  in  contact 
with  the  surface  of  the  paste  and  quickly  released.  The  setting  is 
said  to  have  commenced  when  the  needle  ceases  to  pass  a  point  5  mm. 
(0.20  in.)  above  the  upper  surface  of  the  glass  plate,  and  is  said  to 
have  terminated  the  moment  the  needle  does  not  sink  visiblv  into 
the  mass. 

The  test  pieces  should  be  stored  in  moist  air  during  the 
test;  this  is  accomplished  by  placing  them  on  a  rack  over  water  con- 
tained in  a  pan  and  covered  with  a  damp  cloth,  the  cloth  to  be  kept 
away  from  them  by  means  of  a  wire  screen ;  or  they  may  be  stored 
in  a  moist  box  or  closet.  Care  should  be  taken  to  keep  the  needle 
clean,  as  the  collection  of  cement  on  the  sides  of  the  needle  retards 
the  penetration,  while  cement  on  the  point  reduces  the  area  and 
tends  to  increase  the  penetration.  The  determination  of  the  time  of 
setting  is  only  approximate,  being  materially  affected  by  the  tem- 
perature of  the  mixing  water,  the  temperature  and  humidity  of  the 
air  during  the  test,  the  percentage  of  water  used,  and  the  amount 
of  moulding  the  paste  receives. 

The  following  approximate  method,  not  requiring  the  use  of 
apparatus,  is  sometimes  used,  although  not  referred  to  by  the  Com- 
mittee. Spread  cement  paste,  of  the  proper  consistency  on  a  piece 
of  glass,  having  the  cement  cake  about  three  inches  in  diameter  and 
about  one  inch  thick  at  the  center,  thinning  towards  the  edges.     When 


18 


REIXFORCED  CONCRETE 


9 


the  cake  is  hard  enough  to  bear  a  gentle  pressure  of  the  finger  nail, 
the  cement  has  begun  to  set,  and  when  it  is  not  indented  by  a  con- 
siderable pressure  of  the  thumb  nail,  it  is  said  to  have  set. 

The  Committee  recommends  that  it  shall  develop  initial  set  in 
not  less  than  thirty  minutes,  but  must  develop  hard  set  in  not  less 
than  one  hour,  nor  more  than  ten  hours. 

Standard  Sand.  The  Committee  recognizes  the  grave  objec- 
tions to  the  standard  quartz  now  generally  used,  especially  on  account 
of  its  high  percentage  of  voids,  the  difficulty  of  compacting  in  the 
moulds,  and  its  lack  of  unifonnity;  it  has  spent  much  time  in  investi- 
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Fig.  3.    Form  of  Briquette. 

gating  the  various  natural  sands  which  appeared  to  be  available  and 
suitable  for  use.  For  the  present,  the  Committee  recommends  the 
natural  sand  from  Ottawa,  111.,  screened  to  pass  a  sieve  having  20 
meshes  per  linear  inch  and  retained  on  a  sieve  having  30  meshes  per 
linear  inch;  the  wires  to  have  diameters  of  0.0165  and  0.0112  inches, 
respectively,  i.e.,  half  the  width  of  the  opening  in  each  case.  Sand 
having  passed  the  No.  20  sieve  shall  be  considered  standard  when 
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not  more  than  one  per  cent  passes  a  No.  30  sieve  after  one  minute 
continuous  sifting  of  a  SOO-gram  sample. 

Form  of  Briquette.  AVhilc  the  form  of  the  bricjuctte  recom- 
mended by  a  former  Committee  of  the  Society  is  not  wholly  satis- 
factory, this  Committee  is  not  prepared  to  suggest  any  change,  other 
than  rounding  off  the  corners  by  curves  of  jj-inch  radius,  Fig.  3. 

Aioulds.  The  moulds  should  be  made  of  brass,  bronze,  or  some 
equally  non-corrodible  material,  having  sufficient  metal  in  the  sides 
to  prevent  spreading  during  moulding. 

Gang  moulds,  which  permit  moulding  a  number  of  briquettes 
at  one  time,  are  preferred  by  many  to  single  moulds;  since  the  greater 
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Fig.  4.    Gang  Moulds. 

quantity  of  mortar  that  can  be  mixed  tends  to  produce  greater  uni- 
formity in  the  results.  The  type  shown  in  Fig.  4  is  recommended. 
The  moulds  should  be  wiped  with  an  oily  cloth  l)efore  using. 

Mixing.  All  proportions  should  be  stated  by  weight;  the  quan- 
tity of  water  to  be  used  should  be  stated  as  a  percentage  of  the  dry 
material.  The  metric  system  is  recommended  because  of  the  con- 
venient relation  of  the  gram  and  the  cubic  centimeter.  The  tem- 
perature of  the  room  and  the  mixing  water  should  be  as  near  21° 
Cent.  (70°  Fahr.)  as  it  is  practicable  to  maintain  it.  The  sand  and 
cement  should  be  thoroughly  mixed  dry.  The  mixing  should  be 
done  on  some  non-absorbing  surface,  preferably  plate  glass.  If  the 
mixing  must  be  done  on  an  absorbing  surface  it  should  be  thoroughly 
dampened  prior  to  use.  The  quantity  of  material  to  be  mixed  at 
one  time  depends  on  the  number  of  test  pieces  to  be  made;  about 
1000  gr.  (35.28  oz.)  makes  a  convenient  quantity  to  mix,  especially 
by  hand  methods. 

The  material  is  weiglied  and  placed  on  the  mixing  table,  and  a 
crater  formed  in  the  center,  into  which  the  proper  percentage  of 
clean  water  is  poured;  the  material  on  the  outer  edge  is  turned  into  the 
crater  by  the  aid  of  a  troAvel.    As  soon  as  the  water  has  been  absorbed, 
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which  should  not  require  more  than  one  minute,  the  operation  is 
completed  by  vigorously  kneading  with  the  hands  for  an  additional 
U-  minutes,  the  process  being  similar  to  that  used  in  kneading  dough. 
A  sand-glass  affords  a  convenient  guide  for  the  time  of  kneadintr. 
During  the  operation  of  mixing  the  hands  should  be  protected  by 
gloves,  preferably  of  rubber. 

Moulding.  Having  worked  the  paste  or  mortar  to  the  proper 
consistency,  it  is  at  once  placed  in  the  moulds  by  hand.  The  moulds 
should  be  filled  at  once,  the  material  pressed  in  firmly  with  the  fingers 
and  smoothed  off  with  a  trowel  without  ramming;  the  material  should 
be  heaped  up  on  the  upper  surface  of  the  mould, and,  in  smoothing  off, 
the  trowel  should  be  d^a^^^l  over  the  mould  in  such  a  manner  as  to 
exert  a  moderate  pressure  on  the  excess  material.  The  mould  should 
be  turned  over  and  the  operation  repeated.  A  check  UDon  the  uni- 
formity of  the  mixing  and  moulding  is  afforded  by  weighing  the  bri- 
quettes just  prior  to  immersion,  or  upon  removal  from  the  moist 
closet.  Briquettes  which  vaiy  in  weight  more  than  3  per  cent  from 
the  average  should  not  be  tested. 

Storage  of  the  Test  Pieces.  During  the  first  24  hours  after 
moulding,  the  test  pieces  should  be  kept  in  moist  air  to  prevent  them 
from  drs-ing  out.  A  moist  closet  or  chamber  is  so  easily  devised  that 
the  use  of  the  damp  cloth  should  be  abandoned  if  possible.  Covering 
the  test  pieces  with  a  damp  cloth  is  objectionable,  as  commonly  used, 
because  the  cloth  may  dr\'  out  unequally,  and,  in  consequence,  the 
test  pieces  are  not  all  maintained  under  the  same  condition.  Where 
a  moist  closet  is  not  available,  a  cloth  may  be  used  and  kept  uni- 
formly wet  by  immersing  the  ends  in  water.  It  should  be  kept  from 
direct  contact  with  the  test  pieces  by  means  of  a  wire  screen  or  some 
similar  arrangement. 

A  moist  closet  consists  of  a  soapstone  or  slate  box,  or  a  metal- 
lined  wooden  box:  the  metal  lining  being  covered  with  felt  and  this 
felt  kept  wet.  The  bottom  of  the  box  is  so  constructed  as  to  hold 
water,  and  the  sides  are  provided  with  cleats  for  holding  glass  shelves 
on  which  to  place  the  briquettes.  Care  should  be  taken  to  keep 
the  air  in  the  closet  uniformly  moist.  After  24  hours  in  moist  air  the 
test  pieces  for  longer  periods  of  time  should  be  immersed  in  water 
maintained  as  near  21°  Cent.  (70°  Fahr.)  as  practicable;  they  may 
be  stored  in  tanks  or  pans,  which  should  be  of  non-corrodible  material. 
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Tensile  strength.  The  tests  may  V)e  made  on  any  standard 
machine.  A  soHd  metal  clip,  as  shown  in  Fig.  5,  is  recommended. 
This  clip  is  to  be  nsed  ■without  cushioning  at  the  points  of  contact 
with  the  test  specimen.  The  bearing  at  each  point  of  contact  should 
be  j-inch  wide,  and  the  distance  between  the  center  of  contact  on  the 

same  clip  should  be  }\  inches.  Test  pieces 
should  be  broken  as  soon  as  they  are  removed 
from  the  water.  Care  should  be  observed  in 
centering  the  briquettes  in  the  testing  machine, 
as  cross-strains,  produced  by  improper  center- 
ing, tend  to  lower  the  breaking  strength.  The 
load  should  not  be  applied  too  suddenly,  as  it 
may  produce  vibration,  the  shock  from  which 
often  breaks  the  briquette  before  the  ultimate 
strength  is  reached.  Care  must  be  taken  that 
the  clips  and  the  sides  of  the  briquette  be  clean 
and  free  from  grains  of  sand  or  dirt,  which 
would  prevent  a  good  bearing.  The  load  should 
be  applied  at  the  rate  of  GOO  lbs.  per  minute. 
The  average  of  the  briquettes  of  each  sample 
tested  should  be  taken  as  the  test,  excluding 
any  results  which  are  manifestly  faulty. 
The  minimum  requirements  for  tensile  strength  for  briquettes 
one  inch  square  in  section  shall  be  within  the  following  limits,  and 
shall  show  no  retrogression  in  strength  within  the  periods  specified : 
MINIMUM  STRENGTH  OF  BRIQUETTES 


Fig.  5.    Metal  Clip  for 

Testing  Tensile 

Strength. 


Age 


Strength 


NEAT  CEMENT 

24  hours  iu  moist  air 150-200  lbs. 

7  days  (1  day  iu  moist  air,  6  days  in  water) 4.50-5-50  " 

28  days  (1  day  iu  moist  air,  27  days  iu  water) 550-650  '* 

ONE   PAKT  CEMENT,   TIIllEE   PAKTS   SAND 

7  days  (1  day  iu  moist  air,  6  days  in  water) 150-200  " 

28  days  (1  day  iu  moist  air,  27  days  iu  water) 200-o00  " 


Constancy  of  Volume.  The  objectjs  to  develop  those  qualities 
which  tend  to  destroy  the  strength  and  durability  of  a  cement.  As 
it  is  highly  essential  to  determine  such  qualities  at  once,  tests  of  this 
character  are  for  the  most  part  made  in  a  very  short  time,  and  are 
known,  therefore,  as  accelerated  tests.     Failure  is  revealed  by  crack- 
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ing,  checking,  swelling,  or  disintegration,  or  all  of  these  phenomena. 
A  cement  which  remains  perfectly  sound  is  said  to  be  of  constant 
volume. 

Methods.  Tests  for  constancy  of  volume  are  divided  into  two 
classes : 

(1)  Normal  tests,  or  those  made  in  either  air  or  water  maintained 
at  about  21°  Cent.  (70°  Fahr.). 

(2)  Accelerated  tests,  or  those  made  in  air,  steam,  or  water  at  a 
temperature  of  45°  Cent.  (115°  Fahr.)  and  upward.  The  test  pieces 
should  be  allowed  to  remain  24  hours  in  moist  air  before  immersion 
in  water  or  steam,  or  preser^'ation  in  air.  For  these  tests,  pats, 
about  7h  cm.  (2.95  in.)  in  diameter,  IJ  cm.  (0.49  in.)  thick  at  the 
center,  and  tapering  to  a  thin  edge,  should  be  made,  upon  9,  clean 
glass  plate  [about  10  cm.  (3.94  in.)  square],  from  cement  paste  of 
normal  consistency. 

Normal  Test.  A  pat  is  immersed  in  water  maintained  as  near 
21°  Cent.  (70°  Fahr.)  as  possible  for  28  days,  and  observed  at  inter- 
vals. A  similar  pat  is  maintained  in  air  at  ordinary  temperature 
and  observed  at  inters-als. 

Accelerated  Test.  A  pat  is  exposed  in  any  convenient  way  in 
an  atmosphere  of  steam,  above  boiling  Mvater,  in  a  loosely  closed 
vessel,  for  3  hours. 

To  pass  these  tests  satisfactorily,  the  pats  should  remain  firm 
and  hard,  and  show  no  signs  of  cracking,  distortion,  or  disintegration. 
Should  the  pat  leave  the  plate,  distortion  may  be  detected  best  with 
a  straight-edge  applied  to  the  surface  which  was  in  contact  wath  the 
plate.  In  the  present  state  of  our  knowledge  it  cannot  be  said  that 
cement  should  necessarily  be  condemned  simply  for  failure  to  pass 
the  accelerated  tests;  nor  can  a  cement  be  considered  entirely  satis- 
factory, simply  because  it  has  passed  these  tests. 

Testing  Machines.  There  are  many  varieties  of  testing  machines 
on  the  market.  Many  engineers  have  constructed  "home-made" 
maciiines  which  serve  their  purpose  with  suflScient  accuracy.  One 
very-  common  type  of  machine  is  illustrated  in  Fig.  6.  B  is  a  reser- 
voir containing  shot  which  falls  through  the  pipe  I  which  is  closed 
with  a  valve  at  the  bottom.  The  briquette  is  carefully  placed  be- 
tween the  clips,  as  shown  in  the  figure,  and  the  wheel  P  is  turned 
until  the  indicators  are  in  line.     The  hook  lever  Y  is  moved  so  that 
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a  screw  worm  is  engaged  with  its  gear.  Then  open  the  automatic 
valve  J  so  as  to  allow  the  shot  to  run  into  the  cup  F.  By  means 
of  a;  small  valve  the  flow  of  shot  into  the  cup  may  be  regulated. 
Better  results  will  be  obtained  by  allowing  the  shot  to  run  slowlv 
into  the  cup.     The  crank  is  then  turned  with  just  sufficient  speed 


Fig.  6.    Cement  Testing  Machine.  * 

SO  that  the  scale  beam  is  held  in  position  until  the  briquette  is  broken. 
Upon  the  breaking  of  the  briquette,  the  scale  beam  falls  and  auto- 
matically closes  the  valve  J.  The  weight  of  the  shot  in  the  cup  F 
then  indicates,  according  to  some  definite  ratio,  the  stress  required 
to  break  the  briquette. 

Sand.  Specifications  for  concrete  usually  state  that  the  sand 
shall  be  clean,  coarse,  and  sharp;  free  from  clay,  loam,  sticks,  organic 
matter,  or  other  impurities.  A  mixture  of  coarse  and  fine  grains, 
widi  the  coarse  grains  predominating,  is  found  very  satisfactory  as 
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it  makes  a  denser  and  stronger  concrete  with  a  less  amount  of  cement 
than  when  coarse-grained  sand  is  used  witli  the  same  proportion  of 
cement.  The  small  grains  of  sand  fill  the  voids  caused  by  the  coarse 
grains  so  that  there  is  not  as  great  a  volume  of  voids  to  be  filled  by 
the  cement.  The  sharpness  of  sand  can  be  determined  approxi- 
mately by  rubbing  a  few  grains  in  the  hand  or  by  crushing  it  near 
the  ear  and  noting  if  a  grating  sound  is  produced;  but  an  examina- 
tion through  a  small  lens  is  better. 

Experiments  have  shown  that  round  grains  of  sand  have  less 
voids  than  angular  ones,  and  that  water-worn  sands  have  from  3  per 
cent  to  5  per  cent  less  voids  than  corresponding  sharp  grains.  In 
many  parts  of  the  country  where  it  is  impossible,  except  at  a  great 
expense,  to  obtain  the  sharp  sand,  the  rounded  grain  is  used  with 
very  good  results.  Laboratory  tests  made  under  conditions  as  nearly 
as  possible  identical  show  that  the  rounded-grain  sand  gives  as 
good  results  as  the  sharp  sand.  In  consequence  of  such  tests,  the 
requirement  that  sand  shall  be  sharp  is  now  considered  useless  by 
many  engineers,  especially  when  it  leads  to  additional  cost. 

In  all  specifications  for  concrete  work  is  found  the  clause  that 
"the  sand  shall  be  clean."  This  requirement  is  sometimes  ques- 
tioned as  experimenters  have  found  that  a  small  percentage  of  clay 
or  loam  often  gives  better  results  than  when  clean  sand  is  used. 
"Lean"  mortar  may  be  improved  by  a  small  percentage  of  clay  or 
loam,  or  by  using  dirty  sand,  for  the  fine  material  increases  the 
densitv.  In  rich  mortars  this  fine  material  is  not  needed,  as  the 
cement  furnishes  all  the  fine  material  necessarv,  and  if  clay  or  loam 
or  dirty  sand  were  used  it  might  prove  detrimental.  Whether  it 
is  really  a  benefit  or  not  depends  chiefly  upon  the  richness  of  the 
concrete  and  the  coarseness  of  the  sand.  Some  idea  of  the  cleanli- 
ness of  sand  may  be  obtained  by  placing  it  in  the  palm  of  one  hand 
and  rubbing  it  with  the  fingers  of  the  other.  If  the  sand  is  dirty, 
it  will  badly  discolor  the  palm  of  the  hand.  ^Mien  it  is  found  neces- 
sary to  use  dirty  sand  the  strength  of  the  concrete  should  be  tested. 

Sand  containing  loam  or  earthy  material  is  cleansed  by  wash- 
ing with  water,  either  in  a  machine  specially  designed  for  the  pur- 
pose, or  by  agitating  the  sand  with  water  in  boxes  provided  with 
holes  to  permit  the  dirty  water  to  flow  away. 

Very  fine  sand  may  be  used  alone,  but  it  makes  a  weaker  con- 
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Crete  than  either  coarse  sand  or  coarse  and  fine  sand  mixed.  A 
mortar  consisting  of  very  fine  sand  and  cement  will  not  be  so  dense 
as  one  of  coarse  sand  and  the  same  cement,  although  when  measured 
or  weighed  dry,  each  contain  the  same  proportion  of  voids  and 
solid  matter.  In  a  unit  measure  of  fine  sand  there  are  more  grains 
than  in  a  unit  measure  of  coarse  sand,  and  therefore  more  points 
of  contact.  j\Iore  water  is  required  in  gauging  a  mixture  of  fine 
sand  and  cement  than  in  a  mixture  of  coarse  sand  and  the  same 
cement.  The  water  forms  a  film  and  separates  the  grains,  thus 
producing  a  larger  volume  having  less  density. 

The  screenings  of  broken  stone  are  sometimes  used  instead 
of  sand.  Tests  frequently  show  a  stronger  concrete  when  screenings 
are  used  than  when  sand  is  used.  This  is  p^haps  due  to  the  vari- 
able sizes  of  the  screenings,  which  would  have  a  less  percentage 
of  voids. 

Stone.  The  stone  used  in  concrete  should  be  liard  and  durable, 
§uch  as  trap,  granite,  lime  stone,  sand  stone  or  a  conglomerate. 
Lime  stone  should  not  be  used  as  a  fireproofing  material  as  heat 
will  calcinate  it.  Trap  rock  and  gravel  are  perhaps  the  best  stone 
for  fireproof  purposes.  Crushed  stone  should  have  all  the  dust 
removed  by  a  -}-inch  screen,  although  it  may  be  replaced  again  as  a 
part  of  the  sand.  If  the  product  from  the  crusher  is  shown  by  fre- 
quent sampling  to  be  uniform,  the  dust  may  be  retained  in  place  of 
a  corresponding  amount  of  sand. 

The  maximum  size  of  stone  usually  permitted  in  plain  concrete 
is-2i  inches,  and  in  reinforced  concrete  f  inch,  although  in  some 
reinforced  concrete  structures  1  inch  stOne  is  permitted.  Some- 
times specifications  state  that  the  stone  to  be  used  shall  be  screened 
to  a  practically  uniform  size,  while  other  specifications  state  -that 
the  stone  shall  be  of  graduated  sizes  so  that  the  smaller  shall  fit  into 
the  voids  between  the  larger  so  that  less  mortar  is  recjuired.  A 
single  size  of  broken  stone  has  a  greater  tendency  to  form  arches 
while  being  rammed  into  place,  than  stone  of  graded  sizes.  The 
graded  stone  makes  a  denser,  stronger,  and  more  economical  con- 
crete. Usually  in  graded  stone  for  reinforced  concrete  the  stones 
vary  in  size  from  {  inch  to  |  or  1  inch  and  in  plain  concrete  from 
\  inch  to  2h  inches. 

Gravel.     When  gravel  is  used  instead  of  stone,  or  is  mixed  with 
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stone,  it  should  he  composed  of  clean  pehbles  free  from  chiy  or 
other  materials.  A  film  of  dirt  on  the  gravel  lessens  the  strength 
of  the  concrete.  Graded  round  gravel  contains  a  smaller  percentage 
of  voids  than  angular  stones  and  makes  a  dense  concrete  which 
compares  very  well  with  stone  concrete.  The  greater  density  of 
the  gravel  concrete  tends  to  overcome  the  slight  difference  in  strength 
due  to  the  varying  character  of  the  surfaces  of  the  particles  of  the 
gravel  and  the  broken  stone.  Sometimes  it  is  economical  to  mix 
a  small  percentage  of  gravel  with  broken  stone. 

Cinders.  Cinders  for  concrete  should  be  free  from  coal  or 
soot.  Usually  a  better  mixture  can  be  obtained  by  screening  the 
fine  stuff  from  the  cinders  and  then  mixing  in  a  larger  proportion 
of  sand,  than  by  using  unscreened  material,  although  if  the  fine 
stuff  is  uniformly  distributed  through  the  mass,  it  may  be  used 
without  screening  and  a  less  proportion  of  sand  used. 

As  shown  later  the  strength  of  cinder  concrete  is  far  less  than 
that  of  stone  concrete  and  on  this  account  it  cannot  be  used  where 
high  compressive  values  are  necessary.  But  on  account  of  its  very 
low  cost  compared  with  broken  stone,  especially  under  some  con- 
ditions, it  is  used  quite  commonly  for  roofs,  etc.,  on  which  the  loads 
are  comparatively  small. 

One  possible  objection  to  the  use  of  cinders  lies  in  the-  fact  that 
they  frequently  contain  sulphur  and  other  chemicals  which  may 
produce  corrosion  of  the  reinforcing  steel.  In  any  structure  where 
the  strength  of  the  concrete  is  a  matter  of  importance,  cinders  should 
not  be  used  without  a  thorough  inspection  and  even  then  the  unit 
compressive  values  allowed  should  be  at  a  very  low  figure. 

Proportions  of  Concrete.  When  large  and  important  struc- 
tures are  to  be  built,  or  when  the  concrete  is  to  be  water  tight,  it 
pays  from  an  economical  standpoint  to  make  a  thorough  study  of 
the  material  of  the  aggregates  and  their  relative  proportions.  The 
proportions  below  will  serve  as  a  guide  for  various  classes  of  work. 

A  rich  mixture,  proportions  1:2:4,  that  is  1  barrel  (4  bags) 
packed  Portland  cement  (as  it  comes  from  the  manufacturer),  2 
barrels  (7.6  cubic  feet)  loose  sand,  and  4  barrels  (15.2  cubic  feet) 
loose  stone,  is  used  in  arches,  reinforced  concrete  floors,  beams  and 
columns  fcr  heavy  loads,  engine  and  machine  foundations  sub- 
ject to  vibrations,  tanks,  and  for  water-tight  work. 
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A  medium  mixture,  proportions  1  : 2}  :  5,  tliat  is,  1  barrel 
(4  bags)  packed  Portland  cement,  2;^  barrels  (9.5  cubic  feet)  loose 
sand,  and  5  barrels  (19  cubic  feet)  loose  gravel  or  stone,  may  be 
used  in  arches,  thin  walls,  floors,  beams,  sewers,  sidewalks,  founda- 
tions, and  macliine  foundations. 

An  ordinary  mixture,  proportions  1  :  3  :  G,  that  is,  1  barrel 
(4  bags)  packed  Portland  cement,  3  barrels  (11.4  cubic  feet)  loose 
sand,  and  6  barrels  (22.8  cubic  feet)  loose  gravel  or  broken  stone, 
may  be  used  for  retaining  walls,  abutments,  piers,  floor  slabs,  and 
beams. 

A  lean  mixture,  proportions  1  : 4  : 8,  that  is,  1  barrel  (4  bags) 
packed  Portland  cement,  4  barrels  (15.2  cubic  feet)  loose  sand,  and 
8  barrels  (30.4  cubic  feet)  loose  gravel  or  broken  stone,  may  be 
used  in  large  foundations  supporting  stationary  loads,  backing  for 
stone  masonry;  or  where  it  is  subject  to  a  plain  compressive  load. 

These  proportions  must  not  be  taken  as  always  being  the  most 
economical  to  use,  but  they  represent  average  practice.  Cement 
is  the  most  expensive  ingredient;  therefore  a  reduction  of  the  cpian- 
tity  of  cement,  by  adjusting  the  proportions  of  the  aggregate  so  as 
to  produce  a  concrete  with  the  same  density,  strength,  and  imper- 
meability, is  of  great  importance.  By  careful  proportioning  and 
workmanship  water-tight  concrete  has  been  made  of  a  1:3:6 
mixture.  In  floor  construction  where  the  span  is  very  short  and 
it  is  specified  that  the  slab  must  be  at  least  4  inches  thick,  while  with 
a  high  grade  concrete  a  3-inch  slab  would  carry  the  load,  it  is  cer- 
tainly more  economical  to  use  a  leaner  concrete. 

The  method  often  used  in  determining  the  voids  in  stone  and 
in  sand,  by  finding  the  quantity  of  water  that  can  be  poured  into 
the  voids  of  a  unit  measure  of  stone  or  sand  and  then  taking  that 
amount  of  sand  or  cement  as  the  amount  required  to  fill  the  voids 
in  the  stone  or  sand,  is  not  satisfactory.  The  greatest  inaccuracy 
of  this  method  is  due  to  the  difference  in  compactness  of  the  ma- 
terials under  varied  methods  of  handling,  and  to  the  fact  that  the 
actual  volume  of  voids  in  a  coarse  material  may  not  correspond  to 
the  quantity  of  sand  required  to  fill  the  voids.  The  grains  of  sand 
separate  the  stone  and  with  most  aggregates  a  portion  of  the  sand 
is  too  coarse  to  get  in  the  voids  of  the  coarser  material.  That  is, 
in  a  mass  of  crusher-run  broken  stone  many  of  the  individual  voids 
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are  so  small  that  the  larger  grain  of  natural  bank  sand  will  not  fit 
into  them,  but  will  get  between  the  stones  and  increase  the  bulk 
of  the  mass.  This  increase  in  bulk  means  that  more  sand  is  required 
than  the  actual  volume  of  voids  in  the  coarse  material. 

An  accurate  and  simple  method  to  determine  the  proportions 
of  concrete  is  by  trial  batches.  The  apparatus  consists  of  a  scale 
and  a  cylinder  which  may  be  a  piece  of  wrought  iron  pipe  10  inches 
to  12  inches  in  diameter  capped  at  one  end.  ^Measure  and  weigh 
the  cement,  sand,  stone,  and  water  and  mix  on  a  piece  of  sheet  steel, 
the  mixture  having  a  consistency  the  same  as  to  be  used  in  the  work. 
The  mixture  is  placed  in  the  cylinder,  carefully  tamped,  and  the 
height  to  which  the  pipe  is  filled  is  noted.  The  pipe  should  be 
weighed  before  and  after  being  filled  so  as  to  check  the  weight  of 
the  material.  The  cylinder  is  then  emptied  and  cleaned.  Mix 
up  another  batch  using  the  same  amount  of  cement  and  water, 
slightly  varying  the  ratio  of  the  sand  and  stone  but  having  the  same 
total  weight  as  before.  Note  the  height  in  the  cylinder,  which 
will  be  a  guide  to  other  batches  to  be  tried.  Several  trials  are  made 
until  a  mixture  is  found  that  gives  the  least  height  in  the  cylinder, 
and  at  the  same  time  works  well  while  mixing,  all  the  stones  being 
covered  with  mortar,  and  which  makes  a  good  appearance.  This 
method  gives  very  good  results,  but  it  does  not  indicate  the  changes 
in  the  physical  sizes  of  the  sand  and  stone  so  as  to  secure  the  most 
economical  composition  as  would  be  sho^^n  in  a  thorough  mechan- 
ical analysis. 

There  has  been  much  concrete  work  done  where  the  propor- 
tions were  selected  without  any  reference  to  voids,  which  has  given 
much  better  results  in  practice  than  might  be  expected.  The  pro- 
portion of  cement  to  the  aggregate  depends  upon  the  nature  of  the 
construction  and  the  required  degree  of  strength,  or  water-tightness, 
as  well  as  upon  the  character  of  the  inert  materials.  Both  streno-th 
and  imperviousness  increase  with  the  proportion  of  cement  to  the 
aggregate.  Richer  mixtures  are  necessary  for  loaded  columns, 
beams  in  building  construction  and  arches,  for  thin  walls  subject 
to  water  pressure,  and  for  foundations  laid  under  water.  The 
actual  measurements  of  materials  as  actually  mixed  and  used  usually 
show  leaner  mixtures  than  the  nominal  proportions  specified.  This 
is  largely  due  to  the  heaping  of  the  measuring  boxes. 
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TABLE  II 
Proportions  of  Cement,  Sand,  and  Stone  in  Actual  Structures 


Structure 


Proportions 


C.  B.  &  Q.  R.  R. 

Reinforced  Coucrete  Culverts* 

Phila.  Rapid  Transit  Co. 

Floor  Elevated  Headway 

o    ,  I  Walls 

bubway     jpio^rs 


C.  P.  R.  R. 

Arch  Rings 

Piers  and  Abutments. 


Hudson  River  Tunnel  Caisson 

Stand  Pipe  at  Attleboro,  Mass. 
Height,  106  feet. 

C.C.&  St.L.R.R., Danville  Arch 

Footings 

Arch  Rings 

Abutments,  Piers 

N.  Y.C.  &H.  R.  R.  R. 

....         I  Footing.. . 
Ossmmg    Myalls 


Tunnel 


(  Coping 


1:3:6 


1 :  B  :  0 

1:2.5:5 

1:3:6 


1:3:5 
1:4:7 

1:2:4 

1:2:4 

1:4:8  or  1:9.5 


Reference 


1:2:4 

l:3:6or  1:6.5 


1:4:7.5 

1:3:6 

1:2:4 


American  Oak  Leather  Co. 
Factory  at  Cincinnati,  Ohio. 

Harvard  University  Stadium. 

New  York  Subway 

Roofs  and  Sidewalks 

Tunnel  Arches 

Wet  Foundation  2'  th.  or  less 
"  "  e.\ceeding  2' 

Boston  Subway 


P.  &  R.  R.  R. 

Arches 

Piers  and  Abutments. 


1:2:4 
1:3:6 


Engr.  Cont.,  Oct.  3,  '06 
"  "      Sept.  26,  '06 

Cement  Era,  Aug.  '06 
Eug.  Record,  Sept.  29,  '06 
"  "  "      29,  '06 

"  "         March  3,  '00 

"  •'  "      3,  '06 

"  "  "      3,  '03 


Brooklyn  Navy  Yd.  Laboratory 

Columns 

Beams  and  Slabs 

Roof  Slab 


1:2:4 
1:2.5:5 
1:2:4 
1:2.5:5 

1:2.5:4 


1:2:4 
1:3:6 


Oct.  13,  '06 


Southern  Railway 

Arches 

Piers  and  Abutments..  .. 


1:2  : 3Trap rock  Eng.  News,  .March  23,   05 

1:3:5    " 

1:3  : 5  Cinder 


1:2:4 
1:2.5:5 


Methods  of  Mixing  Concrete.    The    method    of   mixing   con- 
crete is  immaterial,  if  a  homogeneous  mass  is  secured  of  a  uniform 
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consistency,  containing  the  cement,  sand,  and  stone  in  the  correct 
proportions.  The  vahie  of  the  concrete  depends  greatly  upon  the 
thoroughness  of  the  mixing.  The  color  of  the  mass  must  be  uni- 
form, every  grain  of  sand  and  piece  of  the  stone  should  have  cement 
adhering  to  every  point  of  its  surface. 


TABLE  III 

Barrels  of  Portland  Cement  Per  Cubic  Yard  of  Mortar 

(Voids  in  Sand  Being  35  per  cent  and  1  Bbl.  Cement  Yielding  3.65  Cubic 

Feet  of  Cement  Paste.) 


Pbopoktion  of  Cement  to  Sand 

1:1 

1:  1..5 

1:3 

1:2.5 

1:3 

1:4 

Bbl.  specified  to  be  3.5  cu.  ft 

"           "            "      3.8       "    

11          11            "40      " 
"          "            "'     4.4       " 

Bbls. 
4.22 
4.09 
4.00 
3.81 

Bbls. 
3.49 
3.33 
3.24 
307 

Bbls. 
2.97 
2.81 
2.73 
2.57 

Bbls. 
2.57 
2.45 
2.36 

2.27 

Bbls. 
2.28 
2.16 
2.08 
2.00 

Hbls. 
1.76 
1.62 
l..=,4 
140 

Cu.  yds.  sand  percu.  yd.  mortar.  .. 

0.6 

0.7 

0.8 

0.9 

1.0 

1.0 

TABLE  IV 

Barrels  of  Portland  Cement  Per  Cubic  Yard  of  Mortai 

(Voids  in  Sand   Being  45  per  cent  and  1  Bbl.  Cement  Yielding  3.4  Cubic 


Feet  of  Cement  PcSte.) 

Pbopoktion  of  Cement  to  Sand 

1:1 

1:1.5 

1:3 

1:2.5 

1:3 

1:4 

Bbl.  specified  to  be  3.5  cu.  ft 

11                       11                        11           O    Q             11. 

"            "             "      4  0       "    .. 
i<            i(             <t      4^       11 

Bbls. 
4.62 
4.32 
4.19 
3.94 

Bbls. 
3.80 
3.61 
3.46 
3.34 

Bbls. 
3.25 
3.10 
3.00 
2.90 

Bbls. 
2.84 
2.72 
2.64 
2.57 

Bbls. 
2.35 
2.16 
2.05 

1.86 

Bbls. 
1.76 
1.62 
1.54 
1.40 

Cu.  yds.  sand  per  cu.  yds.  mortar. . 

0.6 

0.8 

0.9 

1.0 

1.0 

1.0 

TABLE   V 
Ingredients  in  1  Cubic  Yard  of  Concrete 

(Sand  Voids,  40  per  cent;  Stone  Voids,  45  per  cent;  Portland  Cement  Barrel 
Y'ielding  3.05  cu.  ft.  Paste.     Barrel  specified  to  be  3.S  cu.  ft.) 


Pkoportions  by  Voltimi 

1:3:4 

1:2:5 

1:3:6 

1:  2.5:  51:2.5:  6  1  1:3:4 

Bbls.  cement  per.  cu.  yd.  concrete. . 

Cu.  yds.  sand          "                "         .. 

"         stone        "                "         .. 

1.46 
0.41 

0.82 

1.30 
0.36 
0.90 

1:3:6 

1.05 
0.44 

o.ss 

1.18 
0.33 
1.00 

1:3:7 

1.13 
0.40 
0.80 

1.00 
0.35 
0.84 

1.25 
0.53 
0.71 

Proportions  by  volumr 

1:3:  5 

1:4:71:4:81:4:9 

Bbls.  cement  per  cu.  yd.  concrete  .. 
Cu.  yds.  sand          "                " 
"         stone        "                " 

1.13 

0.48 
0.80 

0.96 
0.40 
0.93 

0.82 
0.46 
O.SO 

0.77 
043 

0.S6 

0.73 
041 

0.92 

This  table  is  to  be  used  when  cement  is  measured  packed  in  the  bar- 
rel, for  the  ordinary  barrel  holds  3.8  cu.  ft. 
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TABLE  VI 
Ingredients  in  1  Cubic  Yard  of  Concrete 

(Saud  Voids,  40  percent;  Stone  Voids,  45  per  cent;  Portland  Cement  Barrel 
Yielding  3.65  cu.  ft.  ol  I'aste.     Barrel  specified  to  be  4.4  cu.  ft.) 


Proportions  by  Voi,ume 


Bbls.  cement  per  cu.  yd.  concrete.  .. 
Cu.  yds.  sand         "  "        . . . 

"         stone        "  " 


Proportions  by  volume 

ilbls.  cement  per  cu.  yd.  concrete . 
Cu.  yds.  sand        "  " 

"  stone       "  " 


1:2:4 


1.30 
0.42 
0.84 


1:2:5 


1.16 
0.38 
0.95 


1:2:6 


1.00 
0.33 
1.00 


1 : 2.5  :  5  ! :  2.5  :  6 


1.07 
0.44 


0.96 

0.90 

0.82 

0.75 

0.47 

0.44 

O.IO 

0.49 

0.78 

0.88 

0.93 

0.8(3 

0.96 
0.40 
0.95 


1:4:8 

0.68 
0.44 

0.88 


1:3:4 


1.08 

0.53 

0.71 

1^1:  9 

1X04 
0.-12 
0.95 


This  table  is  to  be  used  when  the  cement  is  measured  loose,  after 
dumping  it  into  a  box,  for  under  such  conditions  a  barrel  of  cement  yields 
4.4  cu.  ft.  of  loose  cement. 

[Table.s  II  to  VI  have  been  taken  from  Gillette's  Handbook  of  Cost  Data.] 

The  two  methods  used  in  mixing  concrete  are  hy  hand  and 
by  machinery.  Good  concrete  may  be  made  by  either  method. 
Concrete  mixed  by  either  method  .should  be  carefully  watched  by 
a  good  foreman.  If  a  large  quantity  of  concrete  is  required  it  is 
cheaper  to  mix  it  by  machinei'V.  On  small  jobs  where  the  cost 
of  erecting  the  plant  and  the  interest  and  depreciation,  divided 
by  the  number  of  cubic  yards  to  be  made,  is  a  large  item,  or  if  fre- 
quent moving  is  rec{uire(l,  it  is  very  often  cheaper  to  mix  the  con- 
crete by  hand.  The  relative  cost  of  the  two  methods  usually  depends 
upon  circumstances,  and  must  be  worked  out  in  each  individual  case. 
Hand  iVlixing.  The  placing  and  handling  of  materials  and 
arranging  the  plant  is  varied  by  different  engineers  and  contractors. 
In  general  the  mixing  of  concrete  is  a  simple  operation  but  sliould 
be  carefully  watched  by  an  inspector.     He  .should  see: 

(1)  That  the  exact  amount  of  stone  and  .sand  are  measured  out. 

(2)  That  the  cement  and  sand  are  thoroughly  mixed. 

(3)  That  the  mass  is  thoroughly  mixed. 

(4)  That  the  proper  amount  of  water  is  usetl. 

(5)  That  care  is  taken  in  dumping  tiie  concrete  in  place. 
(())  That  it  is  thoroughly  rammed. 

The  mixing  platform,  which  is  usually  10  to  20  feet  square, 
is  made  of  1-inch  or  2-inch  plank  ])laiied  on  one  side  and  well  nailed 
to  stringers,  and  should  be  placed  as  near  the  work  as  possible,  but 
so  situated  that  the  stone  can  be  dumped  on  one  side  of  it  and  the 
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sand  on  the  opposite  side.  A  very  convenient  way  to  measure  the 
stone  and  sand  is  by  the  means  of  bottomless  boxes.  These  boxes 
are  of  such  a  size  that  they  hold  the  proper  proportions  of  stone 
or  sand  to  mix  a  batch  of  a  certain  amount.  Cement  is  usually 
measured  by  the  package,  that  is  by  the  barrel  or  bag,  as  they  con- 
tain a  definite  amount  of  cement. 

The  method  used  for  mixing  the  concrete  has  little  effect  upon 
the  strength  of  the  concrete,  i:  the  mass  has  been  turned  a  sufficient 
number  of  times  to  thoroughly  mix  them.  One  of  the  following 
methods  is  generally  used.      (Taylor  and  Thompson's  Concrete.) 

(a)  Cerneut  and  saud  mixed  dry  and  shoveled  ou  the  stoue  or 
ffravel.  leveled  off,  aud  wet  as  the  mass  is  turned. 

(b)  Cement  and  sand  mixed  dry,  the  stoue  measured  and  dumped 
on  top  of  it,  leveled  off,  and  wet,  as  turned  with  shovels. 

(c)  Cement  and  sand  mixed  into  a  mortar,  the  stoue  placed  ou  top 
of  it  and  the  mass  turned. 

(d)  Cement  and  sand  mixed  with  water  into  a  mortar  which  is 
sho\'eled  ou  the  gravel  or  stone  aud  the  mass  turned  with  shovels. 

(e)  Stone  or  gravel,  sand,  and  cement  spread  in  successive  layers, 
mixed  slightly  and  shoveled  into  a  mound,  water  poured  into  the  center, 
and  the  mass  turned  with  shovels. 

The  quantity  of  water  is  regulated  by  the  appearance  of  the 
concrete.  The  best  method  of  wetting  the  concrete  is  by  measur- 
ing the  water  in  pails.  This  insures  a  more  uniform  mixture  than 
by  spraying  the  mass  with  a  hose. 

Mixing  by  Machinery.  On  large  contracts  the  concrete  is 
generally  mixed  by  machineiy.  The  economy  is  not  only  in  the 
mixing  itself  but  in  the  appliances  introduced  in  handling  the  raw 
materials  and  the  mixed  concrete.  If  all  materials  are  delivered 
to  the  mixer  in  wheel-barrows,  and  if  the  concrete  is  conveyed  away 
in  wheel-barrows,  the  cost  of  making  concrete  is  high,  even  if  machine 
mixers  are  used.  If  the  materials  are  fed  from  bins  by  gravity 
into  the  »iixer,  and  if  the  concrete  is  dumped  from  the  mLxer  into 
cars  and  hauled  away,  the  cost  of  making  the  concrete  should  be 
very  low.  On  small  jobs  the  cost  of  maintaining  and  operating 
the  mixer  will  usually  exceed  the  saving  in  hand  labor  and  will 
render  the  expense  with  the  machine  greater  than  without  it. 

The  design  of  a  plant  for  handling  the  material  and  concrete, 
and   the   selection   of  a   mixer,   depend   upon   local  conditions,   the 
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amount  of  concrete  to  be  mixed  per  day,  and  the  total  amount  required 
on  the  contract.  It  is  very  evident  that  on  large  jobs  it  pays 
t3  invest  a  hirge  sum  in  machinery  to  re(kice  the  number  of  men 
and  horses,  but  if  not  over  50  cubic  yards  are  to  be  deposited  per 
(hiy  the  cost  of  the  machinery  is  a  big  item  and  hand  labor  is  gen- 
erally cheaper.  The  interest  on  the  plant  must  be  charged  against 
the  number  of  cubic  yards  of  concrete;  that  is,  the  interest  on  the 
p'ant  for  a  year  must  be  charged  to  the  number  of  cubic  yards  of 
concrete  laid  in  a  year.  The  depreciation  of  the  plant  is  found  by 
taking  the  cost  of  the  entire  plant  when  new,  and  then  appraising 
i:  after  the  contract  is  finished,  and  dividing  the  difference  by  the 
total  cubic  yards  of  concrete  laid.  This  will  give  the  depreciation 
per  cubic  yard  of  concrete  manufactured. 

Concrete  Mixers.  The  best  concrete  mixer  is  the  one  that 
turns  out  the  maximum  of  thoroughly  mixed  concrete  at  the  minimum 
of  cost  for  power,  interest,  and  maintenance.  The  type  of  mixer 
with  a  complicated  motion  gives  better  and  quicker  results  than 
one  with  a  simpler  motion.  There  are  two  general  classes  of  con- 
crete mixers;  continuous  mLxers  and  hatch  mbcers.  A  continuous 
mixer  is  one  into  which  the  materials  are  fed  constantly  and  from 
which  the  concrete  is  discharged  constantly.  Batch  mixers  are  con- 
structed to  receive  the  cement  with  its  proportionate  amount  of 
sand  and  stone  all  at  one  charge,  and  when  mixed  it  is  discharged 
in  a  mass.  A  very  distinct  line  cannot  be  drawn  between  these 
two  classes,  for  many  of  these  mixers  are  adapted  to  either  con- 
tinuous or  batch  mixing.  Generally  batch  mixers  are  preferred, 
as  it  is  a  very  difficult  matter  to  feed  the  mixers  uniformly  unless 
the  materials  are  mechanically  measured. 

Continuous  mixers  usually  consist  of  a  long  screw  or  pug  mill, 
that  pushes  the  materials  along,  a  drum  until  they  are  discharged 
in  a  continuous  stream  of  concrete.  Where  the  mixers  are  fed 
with  automatic  measuring  devices  the  concrete  rs  not  regular  as  there 
is  no  reciprocating  motion  of  the  materials.  In  a  paper  recently 
read  before  the  Association  of  American  Portland  Cement  Manu- 
facturers by  S.  B.  Newberry,  he  states:  "For  the  preparation  of 
concrete  for  blocks  in  which  thorough  mixing  and  use  of  ah  exact 
and  uniform  proportion  of  water  are  necessary,  continuous  mixing 
machines  are  unsuitable,   and  batch  mixers,  in  which  a  measured 
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batch  of  the  material  is  mixed  the  required  time,  and  then  (hscharged, 

are  the  only  type  which  will  be  found  effective." 

There   are   three  general   types  of  concrete   mixers:     gravity 

mixers,  rotary  mixers,  and  paddle  mixers. 

Gravity  mixers  are  the  oldest  type  of  concrete  mixers.     They 

require  no  power,  the 
materials  being  mixed 
by  striking  obstructions 
which  throAV  them  to- 
gether in  their  descent 
through    the    machine. 

Their  construction  is 
very  simple.  Fig.  7  illus- 
trates a  portable  gravity 
mixer.  This  mixer,  as 
will  be  seen  by  the  fig- 
ure, is  a  steel  trough  or 
shoot  in  which  are  con- 
tained mixing  members 
consisting  of  pins  or 
blades.  The  mixer  is 
portable  and  requires  no 
skilled  labor  to  operate 
it.  There  is  nothing  to 
get  out  of  order  or  cause 
delays.  It  is  adapted 
for  both  large  and  small 
jobs.  In  the  former 
case,  it  is  usually  fed  by 
measure  and  bv  this 
method  will  produce 
concrete  as  fast  as  the 
materials  can  be  fed  to 
their  respective  bins  and 
the  mixed  concrete  can 
be  taken  from  the  discharge  end  of  the  mixer.  On  very  small  jobs, 
the  best  way  to  operate  is  to  measure  the  batch  in  layers  of  stone,  sand, 
and  cement  respectively  and  feed  to  the  mixer  by  men  with  shovels. 


Fig.  7.    Portable  Gravity  Mixer. 
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There  are  two  spray  pipes  placed  on  the  mixer:  for  feedinf; 
by  hand  one  Spray  only  would  be  used;  the  other  spray  is  only  in- 
tended for  use  when  operating  with  the  measure  and  feeder,  and  a 
large  amount  of  water  is  required.  These  sprays  are  operated  by 
handles  which  control  two  gate  valves  and  regulate  the  quantity 
of  water  which  flows  from  the  spray  pipes. 

These  mixers  are  made  in  two  styles,  sectional  and  non-sectional. 
The  sectional  can  be  made  either  4,  6,  or  8  feet  long.  The  non- 
sectional  are  in  one  length  of  6,  8,  or  10  feet.  Both  are  constructed 
of  J-inch  steel.  To  operate  this  mixer,  the  materials  must  be  raised 
to  a  platform,  as  shown  in  Fig.  8.. 

Rotary  mixers,  P'ig.  9,  gener- 
ally consist  of  a  cubical  box  made 
of  steel  and  mounted  on  a  wooden 
frame.  This  steel  box  is  supported 
bv  a  hollow  shaft  through  two 
diagonally  opposite  corners  and 
the  water  is  supplied  through 
openings  in  the  hollow  shaft. 
Materials  are  dropped  in  at  the 
side  of  the  mixer  through  a  hinged 
door.  The  machine  is  then  re- 
volved several  times,  usually 
about  15  times,  the  door  is 
opened,  and  the  concrete  is 
dumped  out  into  carts  or  cars. 
There  are  no  paddles  or  blades  of 
any  kind  inside  the  box  to  assist  in  the  mixing.  This  mixer  is  not 
expensive  itself,  but  the  erection  of  the  frame  and  the  hoisting  of  the 
stone  and  sand  often  reniler  it  less  economical  than  some  of  the  more 
expensive  devices. 

Rotating  mixers  which  contain  reflectors  or  blades.  Fig.  10, 
are  usually  mounted  on  a  suitable  frame  by  the  manufacturers.  The 
rotating  of  the  drum  tumbles  the  material  and  it  is  thrown  against 
the  mixing  blades  which  cut  it  and  throw  it  from  side  to  side.  ]Many 
of  these  machines  can  be  filled  and  dumped  while  running,  either 
by  tilting  or  by  their  shutes.  P'ig.  10  illustrates  the  Smith  mixer 
and  Fig.  11  gives  a  sectional  view  of  the  drum  and  shows  the  arrange- 


Fig.  8.    Operation  of  Portable  Gravity 
Mixer. 
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ment  of  the  bkades.  This  mixer  is  furnished  on  skids  with  drivino- 
pulley.  The  concrete  is  discharged  by  tilting  the  drum,  which  is 
done  by  power. 

Fig.  12  represents  a  Ransorae  mixer  which  is  a  batch  mixer. 
The  concrete  is  discharged  after  it  is  mixed,  without  tilting  the  body 
of  the  mixer.     It  revolves  continuousiv  even  while  the  concrete  is 


Fig.  9.    Rotary  Mixer  with  Cubical  Box. 

being  discharged.  Riveted  to  the  inside  of  the  drum  is  a  number  of 
steel  scoops  or  blades.  "These  scoops  pick  up  the  material  in  the 
bottom  of  the  mixer,  and,  as  the  mixer  revolves,  carry  the  material 
upward  until  it  slides  out  of  the  scoops"  and  therefore  assists  in  mixinfj- 
the  materials. 

Fig.  13  represents  a  McKelvey  batch  mixer.  In  this  mLxer,  the 
lever  on  the  drum  operates  the  discharge.  The  drum  is  fed  and  dis- 
charged while  in  motion  and  does  not  change  its  direction  or  its 
position  in  either  feeding  or  discharging.  The  inside  of  the  drum  is 
provided  with  blades  to  assist  in  the  mixing  of  the  concrete. 

Paddle  mixers  may  be  either  continuous  or  of  the  batch  type. 
Mixing  paddles,  on  two  shafts,  revoh'e  in  opposite  directions  and  the 
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Fig.  10.    Rotary  Mixer  Mouuied  ou  Frame. 


J 


Fig.  11.    Cross  Section  of  Drum  (front  half  cuut..a..  >,  Showing  Blades  and  Liniujj 
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concrete  falls  through  a  trap  door  in  the  bottom  of  the  machine.     In 
the  continuous  type  the  materials  should  be  put  in  at  the  upper  end 


Fig.  12.    KuLi.some  Batch  Mixer- 


Fig.  13.    McKelvey  Bate's  jNIixcr. 

so  as  to  be  partially  mixed  dry.     The  water  is  supplied  near  the 
middle  of  the  mixer.     Fig.  14  represents  a  type  of  the  paddle  mixer. 
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Automatic  Measures  for  Concrete  Materials.  ]\I(>clianical 
measuring;  inachinerv  for  concrete  materials  have  not  been  very 
extensively  developed.  One  difficulty  is  that  they  require  the  con- 
stant attention  of  an  attendant  unless  the  materials  are  perfectly 
uniform.  If  the  machine  is  adjusted  for  sand  with  a  certain  per- 
centage of  moisture  and  then  is  suddenly  supplied  with  sand  having 
greater  or  less  moisture,  the  adjustment  must,  be  changed  or  the  mix- 
ture will  not  be  uniform.  If  the  attendant  does  not  watch  the  con- 
dition of  the  materials  very  closely,  the  proportions  of  the  ingredients 
will  vary  greatly  from  what  they  should. 


jMLJfilnr^A^  ^ 


Fig.  14.    Paddle  Mixer. 

"The  Trump  measuring  device,  shown  in  Fig.  15,  consists  of 
a  horizontal  revolving  table  on  which  rests  the  material  to  be  measured 
and  a  stationary  knife  set  above  the  table  and  pivoted  on  a  vertical 
shaft  outside  the  circumference.  The  knife  can  be  adjusted  to  extend 
a  proper  distance  into  the  material  and  peel  off,  at  each  revolution  of 
the  table,  a  certain  amount  which  falls  into  the  shoot.  The  material 
peeled  off  is  replaced  from  the  supply  contained  in  a  bottomless  stor- 
age cvlinder  somewhat  smaller  in  diameter  than  the  table  and  revolving 
with  it.  The  depth  of  the  cut  of  the  knife  is  adjusted  by  swinging 
the  knife  around  on  its  pivot,  so  that  it  extends  a  greater  or  less  dis- 
tance into  the  material.  The  swing  is  controlled  by  a  screw  attached 
to  an  arm  cast  as  part  of  the  knife.  A  micrometer  scale  with  pointer 
indicates  the  position  of  the  knife.     When  it  is  desired  to  measure  off 
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and  mix  three  materials,  the  machines  are  made  with  three  tables  set 
one  above  the  other  and  mounted  on  the  same  spindle  so  that  they 
revolve  together.  Each  table  has  its  own  storage  cylinder  above  it, 
the  cylinders  being  placed  one  within  the  other  as  shown  bv  Fig.  IG." 
^^'etness  of  Concre  e.  The  plasticity  of  concrete  may  be  divided 
into  three  classes:  dry,   medium,  and   very  loet. 


Fig.  15.    Trump  Measuring  Device. 

Dry  concrete  is  used  in  foundations  which  may  be  subjected  to 
severe  compression  a  few  weeks  after  being  placed.  It  should  not  be 
placed  in  layers  of  more  than  8  inches  and  should  be  thoroughly 
rammed.  In  a  dry  mixture  the  water  will  just  flush  to  the  surface 
only  when  it  is  thoroughly  tamped.  A  dry  mixture  sets  and  will 
support  a  load  much  sooner  than  if  a  wetter  mixture  is  used,  and 
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generally  is  only  used  where  the  load  is  to  be  applied  soon  after  the 
concrete  is  placed.  This  mixture  requires  more  than  ordinary  care 
in  ramming  as  pockets  are  apt  to  he  formed,  and  one  argument 
against  it  is  the  difficulty  of  getting  a  uniform  product. 

Medium  concrete  will  cjuake  when    rammed    and    has    a    con- 


Fig.  16.    Interior  View  of  Trump  Concrete  Mixer. 

sistency  of  liver  or  jelly.  It  is  adapted  for  mass  concrete,  such  as 
retaining  walls,  piers,  foundations,  arches,  abutments,  and  some- 
times for  reinforced  concrete. 

A  Very  Wet  mixture  of  concrete  will  run  off  a  shovel  unless  it 
is  handled  xery  quickly.     An  ordinary  rannner  will  sink  into  it  of 
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its  own  weight.  It  is  suitable  for  reinforced  concrete,  such  as  thin 
walls,  floors,  columns,  tanks,  and  conduits. 

Within  the  last  few  years  there  has  been  a  marked  change  in 
the  amount  of  water  used  in  mixing  concrete.  The  dry  mixture  has 
been  superseded  by  a  medium  or  very  wet  mixture,  often  so  wet  as 
to  require  no  ramming  whatever.  Experiments  have  shown  that  dnj 
mixtures  give  better  results  in  sliort  time  tests  and  wet  mixtures  in  long 
time  tests.  In  some  experiments  made  on  dry,  medium,  and  wet 
mixtures  it  was  found  that  the  medium  mixture  was  the  most  dense, 
wet  next,  and  dry  least.  This  experimenter  concluded  that  the  medium 
mixture  is  the  most  desirable,  sinre  it  will  not  quake  in  handling, 
but  will  quake  under  heavy  ramming.  He  found  medium  1  per  cent 
denser  than  wet  and  9  per  cent  denser  than  dry  concrete;  he  con- 
siders thorough  ramming  important. 

Concrete  is  often  used  so  wet  that  it  will  not  only  quake  but  flow 
freely,  and  after  setting  it  appears  to  be  very  dense  and  hard,  but 
some  engineers  think  that  the  tendency  is  to  use  far  too  much  rather 
than  too  little  water,  but  that  thorough  ramming  is  desirable.  In 
thin  walls  very  wet  concrete  can  be  more  easily  pushed  from  the 
surface  so  that  the  mortar  can  get  against  the  forms  and  give  a  smooth 
surface.  It  has  also  been  found  essential  that  the  concrete  should 
be  wet  enough  so  as  to  flow  under  and  around  the  steel  reinforcement 
so  as  to  secure  a  good  bond  between  the  steel  and  concrete. 

Following  are  the  specifications  (1903)  of  the  American  Rail- 
way Engineering  and  ^Maintenance  of  AVay  Association : 

"The  concrete  shall  be  of  such  consistency  that  when  dumped 
in  place  it  will  not  require  tamping;  it  shall  be  spaded  down  and 
tamped  sufficiently  to  level  off  and  will  then  quake  freely  like  jelly, 
and  be  wet  enough  on  top  to  require  the  use  of  rubber  boots  by 
workman." 

Transporting  and  Depositing  Concrete.  Concrete  is  usually 
deposited  in  layers  of  6  inches  to  12  inches  in  thickness.  In  handling 
and  transporting  concrete  care  must  be  taken  to  prevent  the  separa- 
tion of  the  stone  from  the  mortar.  The  usual  method  of  trans- 
porting concrete  is  by  w^heel-barrows,  although  it  is  often  handled  by 
cars  and  carts,  and  on  small  jobs  it  is  sometimes  carried  in  buckets. 
A  very  common  practice  is  to  dump  it  from  a  height  of  several  feet 
into  a  trench.     INIany  engineers  object  to  this  process  as  they  claim 
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Fig.  17     Rammer 

for  Dry  Concrete. 

(Shoe  6  inches 

square.) 


that  the  heavy  and  light  portions  separate  while  falling  and  the  con- 
crete is  therefore  not  uniform  through  its  mass,  and  they  insist  that 
it  must  be  gently  slid  into  place.  A  wet  mixture  is  much  easier  to 
handle  than  a  dry  mixture,  as  the  stone  will  not  so 
readily  separate  from  the  mass.  A  very  wet  mixture 
has  been  deposited  from  the  top  of  forms  43  feet 
high  and  the  structure  was  found  to  be  waterproof. 
On  the  other  hand,  the  stones  in  a  dry  mixture  will 
separate  from  the  mortar  on  the  slightest  provoca- 
tion. Where  it  is  necessary  to  drop  a  dry  mixture 
several  feet,  it  should  be  done  by  means  of  a  chute 
or  pipe. 

Ramming  Concrete.  Immediately  after  con- 
crete is  placed,  it  should  be  rammed  or  puddled, 
care  being  taken  to  force  out  the  air-bubbles.  The 
amount  of  ramming  neccssars'  depends  upon  how 
much  water  is  used  in  mixing  the  concrete.  If  a 
very  wet  mixture  is  used,  there  is  danger  of  too  much 
ramming,  which  results  in  wedging  the  stones  together  and  forcing 
the  cement  and  sand  to  the  surface.  The  chief  object  in  ramming 
a  very  w^et  mixture  is  simply  to  expel  the  bubbles  of  air. 

The  style  of  rammer  ordinarily  used  depends 
on  whether  a  dry,  medium,  or  very  wet  mixture  is 
used.  A  rammer  for  dry  concrete  is  shown  in 
Fig.  17;  and  one  for  wet  concrete,  in  Fig.  18.  In 
very  thin  walls,  where  a  wet  mixture  is  used,  often 
the  tamping  or  puddling  is  done  with  a  part  of 
a  reinforcing  bar.  A  common  spade  is  often  em- 
ployed for  the  face  of  w'ork,  being  used  to  push 
back  stones  that  may  have  separated  from  the 
mass,  and  also  to  work  the  finer  portions  of  the 
mass  to  the  face,  the  method  being  to  work  the 
spade  up  and  down  the  face  until  it  is  thoroughly 
filled.  Care  must  be  taken  not  to  pry  with  the 
spade,  as  this  will  spring  the  forms  unless  they 
are  very  strong. 

Bonding  Old  and  New  Concrete.    To  secure  «  water-tight  joint 
between  old  and  new  concrete,  requires  a  great  deal  of  care.     Where 


J 

00 

i. 


xS'i^' 


'    ri' 


Fig.  18.    Rammer  for 
Wet  Concrete. 
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the  strain  is  chiefly  compressive,  as  in  foundations,  the  surface  of  the 
concrete  laid  on  the  previous  day  should  be  washed  with  clean  water, 
no  other  precautions  being  necessary.  In  walls  and  floors,  or  where 
a  tensile  stress  is  apt  to  be  applied,  the  joint  should  be  thoroughly 
washed  and  soaked,  and  then  painted  with  neat  cement  or  a  mixture 
of  one  part  cement  and  one  part  sand,  made  into  a  very  thin  mortar. 
In  the  construction  of  tanks  or  any  other  work  that  is  to  be 
water-tight,  in  which  the  concrete  is  not  placed  in  one  continuous 
operation,  one  or  more  square  or  V-shaped  joints  are  necessary. 
These  joints  are  formed  by  a  piece  of  timber,  say  4  inches  by  6  inches, 
being  imbedded  in  the  surface  of  the  last  concrete  laid  each  day. 
On  the  following  morning,  when  the  timber  is  removed,  the  joint  is 
washed  and  coated  with  neat  cement  or  1 : 1  mortar.  The  joints  may 
be  either  horizontal  or  vertical.  The  bond  between  pld  and  new  con- 
crete may  be  aided  by  roughening  the  surface  after  ramming  or  be- 
fore placing  the  new  concrete. 

Effects  of  Freezing  of  Concrete.  ]Many  experiments  have  been 
made  to  determine  the  effect  of  freezing  of  concrete  before  it  has  a 
chance  to  set.  From  these  and  from  practical  experience,  it  is  now 
generally  accepted  that  the  ultimate  effect  of  freezing  of  Portland 
cement  concrete  is  to  produce  only  a  surface  injuiy.  The  setting 
and  hardening  of  Portland  cement  concrete  is  retarded,  and  the 
strength  at  short  periods  is  lowered,  by  freezing;  but  the  ultimate 
strength  appears  to  be  only  slightly,  if  at  all,  affected.  A  thin  scale 
about  y\  inch  in  depth  is  apt  to  scale  off  from  granolithic  or  concrete 
pavements  which  have  been  frozen,  leaving  a  rough  instead  of  a 
troweled  wearing  surface;  and  the  effect  upon  concrete  walls  is  often 
similar;  but  there  appears  to  be  no  other  injury.  Concrete  should 
not  be  laid  in  freezing  weather,  if  it  can  be  avoided,  as  this  involves 
additional  expense  and  requires  greater  precautions  to  be  taken; 
but  with  proper  care,  Portland  cement  concrete  can  be  laid  at  almost 
any  temperature. 

The  heating  of  the  material  hastens  the  setting  of  the  cement, 
and  also  keeps  it  above  the  freezing  point  for  a  longer  period.  Salt 
lowers  the  freezing  point  of  water,  and  when  used  in  moderate 
quantities  does  not  appear  to  affect  the  ultimate  strength  of  the  con- 
crete.    Authorities  differ  on  the  amount  of  salt  that  may  be  used; 
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but  from  four  to  ten  pounds  to  each  barrel  of  cement  will  not  decrease 
the  strength  of  the  concrete. 

Finish.  To  give  a  satisfactory  finish  to  exposed  surfaces  of  con- 
crete is  rather  a  difficult  problem.  Usually,  when  the  forms  are  taken 
down,  the  surface  of  the  concrete  shows  the  joints,  knots,  and  grain 
of  the  wood.  It  has  more  the  appearance  of  a  piece  of  rough  car- 
pentry work  than  of  finished  masonry. 
Some  special  treatment  is  therefore  nec- 
essary. Plastering  is  not  usually  success- 
ful, although  there  are  cases  where  a 
mixture  of  equal  parts  of  cement  and  sand 
have  apparently  been  successful.  Where 
finished  rough,  it  did  not  show  hair- 
cracks;  but  when  finished  smooth,  it  did 
show  them.  In  constructing  the  Harvard 
University  Stadium,  care  was  taken,  after 
the  concrete  was  placed  in  the  forms,  to 
force  the  stones  back  from  the  face  and 
permit  the  mortar  to  cover  every  stone. 
When  the  forms  were  removed,  the  sur- 
face was  picked  with  a  tool  as  shown  in 
Fig.  19.  A  pneumatic  tool  has  also  been 
adopted  for  this  purpose. 

The  number  of  square  feet  to  be  picked  per  day,  depends  on  the 
hardness  of  the  concrete.  If  the  picking  is  performed  by  hand,  it  is 
done  by  a  common  laborer;  and  he  is  expected  to  cover,  on  an  average, 
about  50  square  feet  per  day  of  ten  hours.  With  a  pneumatic  tool, 
a  man  w^ould  cover  from  400  to  500  square  feet  per  day. 

Several  concrete  bridges  in  Philadelphia  have  been  finished 
according  to  the  following  specifications ;  and  their  appearance  is  very 
satisfactory : 
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Fig.  19.    Pick  foi-  Facing 
Concrete. 


"Granolithic  surfacing,  where  required,  shall  be  composed  of  1  part 
cement,  2  parts  coarse  sand  or  gravel,  and  2  parts  granolithic  grit,  made  into 
a  stiff  mortar.  Granolithic  grit  shall  be  granite  or  trap  rock,  crushed  to 
pass  a  |-inch  sieve,  and  screened  of  dust.  For  vertical  surfaces,  the  mixture 
shall  be  deposited  against  the  face  forms  to  a  minimum  thickness  of  1  inch, 
by  skilled  workmen,  as  the  placing  of  the  concrete  proceeds;  and  it  thus 
forms  a  part  of  the  body  of  the  work.  Care  must  be  taken  to  prevent  the 
occurrence  of  air-spaces  or  voids  in  the  surface.     The  face  shall  be  removed 
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as  soon  as  the  concrete  has  sufficiently  hardened;  and  anj'  voids  that  may- 
appear  shall  be  filled  with  the  mixture.  The  surface  shall  then  be  immedi- 
ately washed  with  water  until  the  grit  is  exposed  and  rinsed  clean,  and  shall 
be  protected  from  the  sun  and  kept  moist  for  three  days.  For  bridge-seat 
courses  and  other  horizontal  surfaces,  the  granolithic  mixture  shall  be 
deposited  on  the  concrete  to  at  least  a  thickness  of  11-inches,  immediately 
after  the  concrete  has  been  tamped  and  before  it  has  set,  and  shall  be  troweled 
to  an  even  surface,  and,  after  it  has  set  sufficiently  hard,  shall  be  washed 
until  the  grit  is  exposed." 

A  ven'  satisfacton-  fiiiisli  for  a  ten-span  reinforced  concrete 
viaduct  on  the  Utica  &  Mohawk  Railway,  was  produced  in  the  follow- 
ing manner:  For  a  hard  wall,  the  surface  was  wet,  and  a  thin  1:2 
mortar  was  applied  with  a  brush.  The  surface  was  then  thoroughly 
rubbed  with  a  piece  of  grindstone  or  carborundum,  removing  all 
broad  marks  and  filling  all  pores,  and  producing  a  lather  on  the 
surface  of  the  concrete;  and  before  this  had  time  to  dry,  it  was  gone 
over  with  a  brush  dipped  in  water,  producing  a  smooth,  even,  and 
uniform  color.  For  a  greei.  wall,  when  the  forms  were  removed  in 
less  than  seven  days,  the  surface  was  wet,  and  a  thin  grout  of  pure 
cement  w'as  applied  with  a  brush;  the  surface  was  then  rubbed  with 
a  piece  of  grindstone  or  carborundum,  and  finished  in  the  same 
manner  as  above  described.  This  method  has  been  used  by  other 
railroad  companies  also,  on  similar  work;  and  the  results  have  been 
found  exceedingly  satisfactorv. 

The  following  method  has  been  adopted  by  the  New  York  Cen- 
tral Railroad  for  giving  a  good  finish  to  exposed  concrete  surfaces: 
The  forms  of  2-inch  tongued-and-grooved  pine  were  coated  w4th  soft 
soap,  all  openings  in  the  joints  of  the  forms  being  filled  with  hard 
soap.  The  concrete  was  then  deposited,  and,  as  it  progressed,  was 
drawn  back  from  the  face  with  a  square-pointed  shovel,  and  1:2 
mortar  poured  in  along  the  forms.  When  the  forms  were  removed, 
and  while  the  concrete  was  green,  the  surface  wes  rubbed,  with  a 
circular  motion,  with  pieces  of  white  firebrick  or  brick  composed  of 
one  part  cement  and  one  part  sand.  The  surface  was  then  dampened 
and  painted  with  a  1:1  grout,  rubbed  in,  and  finished  with  a  wooden 
float,  leaving  a  smooth  and  hard  surface  when  drs'. 

Floors  and  walks  are  often  finished  with  a  1-inch  coat  of  cement 
and  sand,  or  of  cement,  sand,  and  grit,  which  is  usually  mixed  in 
the  proportions  of  1  part  cement  and  1  part  sand,  or  of  1  part  cement. 
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1  part  sand,  and   1  part  grit.     (See  Fig.  20.)     This  finishing  coat 
must  be  put  on  before  the  concrete  of  the  base  sets.     The  cement 
and  sand  must  be  thoroughly  mixed  while  dry,  so  as  to  have  a  uniform 
color. 

In  office  buildings,  and  generally  in  factory  buildings,  a  wooden 
floor  is  laid  over  the  concrete.     Wooden  stringers  are  first  laid  on 


Fig.  20.    Coucrete  Sidewalk  auil  Curb. 


the  concrete,  about  2  to  2h  feet  apart.  The  stringers  are  2  inches 
thick  and  3  inches  wide  on  top,  with  sloping  edges.  The  space 
between  the  stringers  is  filled  with  cinder  concrete,  as  shown  in  Fig. 
21,  usually  mixed  1:4:8.  When  the  concrete  has  set,  the  flooring  is 
nailed  to  the  stringers. 

The  following  method  of  })laci!ig  mortar  facing  has  been  found 
very  satisfactory,  and  has  been  adopted  very  extensively  in  the  last 


Fig.  21.    Ciuder  Fill  Between  Stringers. 

few  years:  A  sheet-iron  plate  6  or  8  inches  wide  and  about  5  or  (> 
feet  long,  has  riveted  across  it  on  one  side  angles  of  |-inch  size  or  such 
other  size  as  may  be  necessary  to  give  the  desired  thickness  cf  mortar 
facing,  these  angles  being  spaced  about  two  feet  apart.  In  operation, 
the  ribs  of  the  angles  are  placed  against  the  forms;  and  the  space  be- 
tween the  plate  and  forms  is  filled  with  mortar,  which  is  mixed  in 
small  batches,  and  thoroughly  tamped.  The  concrete  back  filling  is 
then  placed;  the  mold  is  withdrawn;  and  the  facing  and  ba.ck  filling 
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arc  rammed  together.  The  mortar  facing  is  mixed  in  the  proportion 
of  one  part  cement,  to  1,  2,  or  3  parts  sand;  usually  a  1 :  2  mixture  is 
employed,  mixed  wet  and  in  small  batches  as  used.  As  mortar  facing 
shows  the  roughness  of  the  forms  more  readily  than  concrete  does, 
care  is  required  in  constructing,  to  secufe  a  smooth  finish.     When 
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the  forms  are  removed,  the  face  may  be  treated  either  in  the  manner 
already  described,  or  according  to  the  following  method  taken  from 
the  "Proceedings"  of  the  American  Railway  Engmeering  and  Main- 
tenance of  Way  Association : 

"After  the  forms  are  removed,  any  small  cavities  or  openings  in  the 
concrete  shall  be  filled  with  mortar  if  necessary.  Any  ridges  due  to  cracks  or 
joints  in  the  lumber  shall  be  rubbed  down;  the  entire  face  shall  be  washed 
with  a  thin  grout  of  the  consistency  of  whitewash,  mixed  in  the  proportion 
of  1  part  cement  to  2  parts  of  sand.    The  wash  shall  be  applied  with  a  brush." 

Concrete  surfaces  may  be  finished  to  represent  ashlar  masonry. 
The  process  is  similar  to  stone-dressing;  and  any  of  the  forms  of 
finish  employed  for  cut  stone  can  be  used  for  concrete.  Very  often, 
when  the  surface  is  finished 
to  represent  ashlar  masonry, 
vertical  and  horizontal 
three-sided  pieces  of  wood 
are  fastened  to  the  forms  to 
make  V-shaped  depressions 
in  the  concrete,  as  shown  in 
Fiff.  23. 
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A  facing   of    stone   or 


I 


Fig.  23.    Concrete  Molding. 


brick  is  frequently  used  for 
reinforced  concrete,  and  is  a  very  satisfactory  solution  of  the  problem 
of  finish.  The  same  care  is  required  with  a  stone  or  brick  facing 
as  if  the  entire  structure  were  stone  or  brick.  The  Ingalls  Building 
at  Cincinnati,  Ohio,  16  stories,  is  veneered  on  the  outside  with  marble 
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to  a  height  of  three  stories,  ami  with  briek  and  terra-cotta  above  the 
third  story.     Exchisive  of  the  facing,  the  wall  is  8  inches  thick. 

Water-tightness  of  Concrete.  Water-tight  concrete,  or  concrete 
made  water-tiglit  by  some  kind  of  waterproof  coating,  is  frequently 
required,  either  for  inclosing  a  space  which  must  be  kept  dry,  or  for 
storing  water  or  other  liquids. 

It  is  generally  considered  that  in  monolithic  construction,  a  wet 
mixture,  a  rich  concrete,  and  an  aggregate  proportioned  for  great 
density,  are  essential  for  water-tightness.  With  the  wet  mixtures  of 
concrete  now  generally  used  in  engineering  work,  concrete  possesses 
far  greater  density,  and  is  correspondingly  less  porous,  than  with  the 
older,  dryer  mixtures.  At  the  same  time,  in  the  large  masses  of  actual 
work,  it  is  difficult  to  produce  concrete  of  such  close  texture  as  to 
prevent  undesirable  seepage  at  all  points.  Many  efforts  have  been 
made  to  secure  water-tightness  of  concrete  in  a  practical  manner — 
some  with  success,  but  others  w^ith  unsatisfactory  results.  There 
are  now  a  great  many  special  preparations  being  advertised  for 
making  concrete  water-tight. 

It  has  frequently  been  observed  that  when  concrete  was  green, 
there  was  a  considerable  seepage  through  it,  and  that  in  a  short  time 
absolutely  all  seepage  stopped.  Some  experiments  have  been  made 
to  render  porous  concrete  impermeable,  by  forcing  water  through  a 
rich  concrete  under  pressure.  In  these  experiments,  a  mixture  of 
1  part  Portland  cement  to  4  parts  crushed  gravel  was  used.  The 
concrete  tested  was  6  inches  thick.  The  flow  through  the  concrete 
on  the  first  day  of  the  experiment,  under  a  pressure  of  36  pounds 
per  square  inch,  was  taken  as  100  per  cent.  On  the  forty-sixth  day, 
under  a  pressure  of  48  pounds  per  square  inch,  the  flow  amounted 
to  only  0.7  per  cent. 

While  the  pressure  was  constant,  the  rate  of  seepage  of  the  water 
decreased  with  the  lapse  of  time,  showing  a  marked  tendency  of  the 
seepage  passages  to  become  closed.  The  experimenter  is  of  the  opin- 
ion that  the  water,  under  pressure,  dissolves  some  of  the  material 
and  t'  en  deposits  it  in  stalactitic  form  near  the  exterior  surface  of  the 
concrete,  where  the  water  escapes  under  much  reduced  pressure. 
Others,  however,  think  it  quite  possible  that  fine  material  carried 
in  suspension  by  the  water  aids  in  producing  the  result. 

For  cistern  work,  two  coats  of  Portland  cement  grout — 1  part 
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cement,  1  part  sand — applied  on  the  inside,  have  been  found  sufScient. 
About  one  inch  of  rich  mortar  has  usually  been  found  effective  under 
high  pressure.  A  coating  of  asphalt,  or  of  asphalt  with  tarred  or 
asbestos  felt,  laid  in  alternate  layers  between  layers  of  concrete,  has 
been  used  successfully.  Coal-tar  pitch  and  tarred  felt,  laid  in  alter- 
nate layers,  have  been  used  extensively  and  successfully  in  New  York 
City  for  Vvaterproofing. 

jNIortar  may  be  made  practically  non-absorbent  by  the  addition 
of  alum  and  potash  soap.  One  per  cent  by  weight  of  powdered  alum 
is  added  to  the  dry  cement  and  sand,  and  thoroughly  niLxed;  and 
about  one  per  cent  of  any  potash  soap  (ordinary'  soft  soap)  is  dissolved 
in  the  water  used  in  the  mortar.  A  solution  consisting  of  1  pound  of 
concentrated  lye,  5  pounds  of  alum,  and  2  gallons  of  water,  applied 
while  the  concrete  is  green  and  until  it  lathers  freely,  has  been  suc- 
cessfully used.  Coating  the  surface  with  boiled  linseed  oil  until 
the  oil  ceases  to  be  absorbed,  is  another  method  that  has  been  used 
with  success. 

A  reinforced  concrete  water-tank,  10  feet  inside  diameter  and 
43  feet  high,  designed  and  constructed  by  W.  B.  Fuller  at  Little  Falls, 
N.  J.,  has  some  remarkable  features.  It  is  15  inches  thick  at  the 
bottom  and  10  inches  thick  at  the  top.  The  tank  was  built  in  eight 
hours,  and  is  a  perfect  monolith,  all  concrete  being  dropped  from 
the  top,  or  43  feet  at  the  beginning  of  the  work.  The  concrete  was 
mLxed  very  wet,  the  mixture  being  1  part  cement,  3  parts  sand,  and 
7  parts  broken  stone.  No  plastering  or  waterproofing  of  any  kind 
was  used,  but  the  tank  was  found  to  be  absolutelv  water-tiirht, 
although  the  mixture  used  has  not  generally  been  found  or  considered 
water-tight. 

At  Attleboro,  Mass.,  a  large  reinforced  concrete  standpipe,  50 
feet  in  diameter,  106  feet  high  from  the  inside  of  the  bottom  to  the 
top  of  the  cornice,  and  with  a  capacity  of  1,500,000  gallons,  has.  been 
constructed,  and  is  in  the  service  of  the  water  works  of  that  city. 
The  walls  of  the  standpipe  are  18  inches  thick  at  the  bottom,  and  8 
inches  thick  at  the  top.  A  mixture  of  1  part  cement,  2  parts  sand, 
and  4  parts  broken  stone,  the  stone  varying  from  j  inch  to  1^  inches, 
was  used.  The  forms  were  constructed,  and  the  concrete  placed,  in 
sections  of  7  feet.  When  the  walls  of  the  tank  had  been  completed, 
there  was  some  leakage  at  the  bottom  with  a  head  of  water  of  100 
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feet.  The  inside  walls  were  then  thoroughly  cleaned  and  picked, 
and  four  coats  of  plaster  applied.  The  first  coat  contained  2  per 
cent  of  lime  to  1  part  of  cement  and  1  part  of  sand;  the  remaining 
hree  coats  were  composed  of  1  part  sand  to  1  part  cement.  Each 
coat  was  floated  until  a  hard,  dense  surface  was  produced;  then  it 
was  scratched  to  receive  the  succeeding  coat. 

On  filling  the  standpipe  after  the  four  coats  of  plaster  had  been 
applied,  the  standpipe  was  found  to  be  not  absolutely  water-tight. 
The  water  was  drawn  out;  and  four  coats  of  a  solution  of  castile  soap, 
and  one  of  alum,  were  applied  alternately;  and,  under  a  100-foot  head, 
only  a  few  leaks  then  appeared.  Practically  no  leakage  occurred 
at  the  joints;  but  in  several  instances  a  mixture  somewhat  wetter 
than  usual  was  used,  with  the  result  that  the  spading  and  ramming 
served  to  drive  the  stone  to  the  bottom  of  the  batch  being  placed, 
and,  as  a  consequence,  in  these  places  porous  spots  occurred.  The 
joints  were  obtained  by  inserting  beveled  tonguing  pieces,  and  by 
thoroughly  washing  the  joint  and  covering  it  with  a  layer  of  thin 
groat  before  placing  additional  concrete. 

In  the  construction  of  the  filter  plant  at  Lancaster,  Pa.,  in  1905, 
a  pure-water  basin  and  several  circular  tanks  were  constructed  of 
reinforced  concrete.  The  pure-water  basin  is  100  feet  wide  by  200 
feet  long  and  14  feet  deep,  with  buttresses  spaced  12  feet  6  inches 
center  to  center.  The  walls  at  the  bottom  are  15  inches  thick,  and 
12  inches  thick  at  the  top.  Four  circular  tanks  are  50  feet  in  diameter 
and  10  feet  high,  and  eight  tanks  are  10  feet  in  diameter  and  10 
feet  high.  The  walls  are  10  inches  thick  at  .the  bottom,  and 
6  inches  at  the  top.  A  wet  mixture  of  1  part  cement,  3  parts  sand, 
and  5  parts  stone,  was  used.  No  waterproofing  material  was  used, 
and  the  basin  and  tanks  are  water-tight. 

Forms.  In  actual  construction  work,  the  cost  of  forms  is  a  large 
item  of  expense,  and  offers  the  best  field  for  the  exercise  of  ingenuity. 
For  economical  work,  the  design  should  consist  of  a  -repetition  of 
identical  units;  and  the  forms  should  be  so  devised  that  it  will  require 
a  minimum  of  nailing  to  hold  them,  and  of  labor  to  make  and  handle 
them.  Forms  are  constructed  of  the  cheaper  grades  of  lumber. 
To  secure  a  smooth  surface,  the  planks  are  planed  on  the  side  on 
which  the  concrete  will  be  placed.  Green  lumber  is  preferable  to 
dry,  as  it  is  less  affected  by  wet  concrete.     If  the  surface  of  the  plauks 
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that  are  placed  next  to  the  concrete  are  well  oiled,  the  planks  can  be 
taken  down  much  easier,  and,  if  they  are  kept  from  the  sun,  can  be 
used  several  times. 

Crude  oil  is  an  excellent  and  cheap  material  for  greasing  forms, 
and  can  .be  applied  with  a  white-wash  brush.  The  oil  should  be 
applied  every  time  the  forms  are  used.  The  object  is  to  fill  the  pores 
of  the  wood,  rather  than  to  cover  it  with  a  film  of  grease.  Thin  soft 
soap,  or  a  paste  made  from  soap  and  water,  is  also  sometimes  used. 

In  constructing  a  factory  building  of  two  or  three  stories,  usually 
the  same  set  of  forms  are  used  for  the  different  floors;  but  when  the 
building  is  more  than  four  stories  high,  two  or  more  sets  of  forms  are 
specified,  so  as  always  to  have  one  set  of  forms  ready  to  move. 

The  forms  should  be  so  tight  as  to  prevent  the  water  and  thin 
mortar  from  running  through,  and  thus  carrying  off  the  cement. 
This  is  accomplished  by  means  of  tongued -and -grooved  or  beveled- 
edge  boards;  but  it  is  often       ^^i^j^^^^^^j^y^^^       "^"^-Y^mm^^^^i 
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possible  to  use  square  lum- 
ber if  it  is  thoroughly  wet  so 

as    to    swell     it     beiore     the       p^g   34     Tongued  and  Beveled  Edge 

concrete      is      placed.       The  Grooved  Edge. 

beveled-edge  boards  are  often  preferred  to  tongue-and-grooved 
boards,  as  the  edges  tend  to  crush  as  the  boards  swell,  and  this  pre- 
vents buckling. 

Lumber  for  forms  may  be  made  of  1-inch,  H-inch,  or  2-inch 
plank.  The  spacing  of  studs  depends  in  part  upon  the  thiclmess  of 
concrete  to  be  supported,  and  upon  the  thickness  of  the  boards  on 
which  the  concrete  is  placed.  The  size  of  the  studding  depends 
upon  the  height  of  the  wall  and  the  amount  of  bracing  used.  Except 
in  very  heavy  or  high  walls,  2  by  4-inch  or  2  by  6-inch  studs  are  used. 
For  ordinary  floors  with  1-inch  plank,  the  supports  should  be  placed 
about  2  feet  apart;  with  l^nch  plank,  about  3  feet  apart;  and 
2-inch  plank,  4  feet  apart. 

The  length  of  time  required  for  concrete  to  set  depends  upon  the 
weather,  the  consistency  of  the  concrete,  and  the  strain  which  is  to 
come  on  it.  In  good  drying  weather,  and  for  very  light  work,  it  is 
often  possible  to  remove  the  forms  in  12  to  24  hours  after  placing  the 
concrete,  if  there  is  no  load  placed  on  it.  The  setting  of  concrete  is 
greatly  retarded  by  cold  or  wet  weather.     Forms  for  concrete  arches 
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and  beams  must  be  left  in  place  longer  than  in  wall  work,  because  of 
the  tendency  to  fail  by  rupture  across  the  arch  or  beam.     In  small, 

circular  arches,  like  sewers,  the  forms  may  be 
removed  in  18  to  24  hours  if  the  concrete  is 
mixed  dry;  but  if  wet  concrete  is  used,  in  24 
to  48  hours.  Forms  for  large  arch  culverts 
and  arch  bridges  are  seldom  taken  down  in 

less  than  14  days;  and  it  is  often  specified  that 

9 

"cvj 


^ 


^^ 


M 


rr 


^ 


^ 


2"x4" 


a:i 


^ 


o  ol 


w 


s^^zz^^m 


•^i 


^  ii" 


'1 


fe 


WVtbJatyy, 


:^^ 


2X-4 


^ 


i"x4!' 


^ 


1^ 


^ 


Fig.  S."!.    Forms  for 
Columns. 


m 


1^ 


_.a>- 


.jE^ 


^^^^^^m' 


they  musi  not  be  struck  for  28  days 
after  placing  the  last  concrete.  In 
ordinary  floor  construction,  consisting 
of  slabs,  girders,  and  beams,  the  forms 
are  usually  left  in  place  at  least  a  week. 
In  constructing  columns,  the  forms 
are  usually  erected  complete,  the  full 
height  of  the  column,  and  concrete  is 
dumped  in  at  the  top.  The  concrete 
must  be  mixed  very  wet,  as  it  cannot 
be  rammed  very  thoroughly  at  the  bot- 
tom, and  care  must  be  taken  not  to  displace  the  steel.  Sometimes 
the  forms   are   constmcted    in    short   sections,  and    the  concrete  is 
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placed  and  rammed  as  the  forms  are  built.  The  ends  of  the  bottom 
of  the  forms  for  the  girders  and  beams,  are  usually  supported  by 
the  column  forms.  To  give  a  beveled  edge  to 
the  corner  of  the  columns,  a  triangular  strip  is 
fastened  in  the  corner  of  the  forms. 

Fig.  25  shows  the  common  way,  or  some 
modification  of  it,  of  constructing  forms  for 
column.  The  plank  may  be  1  inch,  1\  inches, 
or  2  inches  thick;  and  the  cleats  are  usually 
1  by  4  inches  and  2  by  4  inches.  The  spacing 
of  the  cleats  depends  on  the  size  of  the  columns 
and  the  thiclcness  of  the  vertical  plank. 

Fig.  26  shows  column  forms  similar  to  those 
used  in  constructing  the  Harvard  stadium. 
The  planks  forming  each  side  of  the  column 
are  fastened  together  by  cleats,  and  then  the 
four  sides  are  fastened  together  by  slotted  cleats 
and  steel  tie-rods.  These  forms  can  be  quickly 
and  easily  removed. 

Fig.  27  shows  column  ^^orms  in  which  the 
concrete  is  placed  and  rammed  as  the  forms 
are  constructed.     Three  sides  are  erected  to 
the  full  height,  and  the  steel  is  then  placed.     The  fourth  side  is  built 
up  with  horizontal  boards  as  the  concrete  is  placed -and  rammed. 

A  very  common  style  of  forms  for  beam  and  slab  ci^nstruction 
is  shown  in  Fig.  28.     The  size  of  the  different  members  of  the  forms 


^^^^^ 


^^^^^ 


Fig.  27.    Forms  for 
Columns. 


Fig.  28.    Forms  for  Beams  and  Slabs. 


depends  upon  the  size  of  the  beams,  the     thickness  of  the  slabs, 
and  the  relative  spacing  of  some  of  the  members.     If  the  beam  is 
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10  by  20  inches,  and  the  slab  is  4  inches  thick,  tlieii  1-inch  plank 
supported  by  2  by  6-inch  timbers  spaced  2  feet  apart,  will  support 
the  slab.  The  sides  and  bottom  of  the  beams  are  enclosed  by  1  j-inch 
or  2-inch  plank  supported  by  3  by  4-inch  posts  spaced  4  feet  apart. 


rVUftfS. 
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l|  Bolts  J 

Fig,  30.    Form  for  Reinforced   Concrete  Slab 
belweeu  I-beams. 


Fig.  29.    Forms  for  Reinforced  Concrete  Slab  Supported  by  I-beams. 

In  Fig.  29  is  shown  the  forms  for  a  reinforced  concrete  slab, 
with  I-beam  construction.  These  forms  are  constructed  similarly 
to  those  just  described. 

A  slab  construction, 
supported  on  I-beams,  the 
1  )ottom  of  which  is  not  cov- 
t^red  with  concrete,  may 
have  forms  constructed  as 
shown  in  Fig.  30.  This 
method  of  constructing 
forms  was  designed  by  Mr. 
William  F,  Kearns  (Taylor  &  Thompson,  "Plain  and  Reinforced 
Concrete"). 

The  construction  of  forms  for  a  slab  that  is  supported  on  the  top 

of   I-beams,  is  a  compara-      j ^ 

tively  simple  process,  as  ^---^---^--^.^---  ==^.^--^^^--^--^^r_-.-_-_-.--- 
shown  in  Fig.  31.  In  any 
form  of  I-beam  and  slab 
construction,  the  forms  can 
be  constructed  to  carry  the 
combined  weight  of  the  con- 
crete and  forms.  ^Mien  the  bottom  of  the  I-beam  is  to  be  covered 
with  concrete,  it  is  not  so  easily  done  as  when  the  haunch  rests  on 
the  bottom  flange  (Fig.  30)  or  is  a  flat  plate  (Fig.  31). 


|S:fa=rH\\\'~M-J::r~U^\X<«l 
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Fi)j:.  31.    Form  for  Floor  Slab  on  I-beams. 
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Forms  for  conduits  aiul  sewers  must  be  strong  enough  not  to  give 
way  under,  or  to  become  deformed,  while  the  concrete  is  being  placed 
and  rammed,  and  must  be  rigid  enough  not  to  warp  from  being 
alternately  wet  and  dry.  They  must  be  constructed  so  that  they 
can  readily  be  put  up  and  taken 
down  and  can  be  used  several 
times  on  the  same  job.  The 
forms  must  give  a  smooth  and 
even  finish  to  the  interior  of  the 
sewer  or  conduit.  This  has  been 
accomplished  on  several  jobs  by 
covering  the  forms  with  light- 
weight sheet  iron. 

These  forms  are  usually  built 
in  lengths  of  16  feet,  with  one 
center  at  each  end,  and  with  three 
to  five  (depending  on  the  size  of 
the  sewer  or  conduit)  intermedi- 
ate centers  in  the  lengths  of  15  feet.  The  segmental  ribs  are  bol  ed 
together.  The  plank  for  these  forms  are  made  of  2  by  4-inch  ma- 
terial, surfaced  on  the  outer  side,  with  the  edge  beveled  to  the 
radius  of  the  conduit.  The  segmental  ribs  are  bolted  together,  and 
are  held  in  place  by  wooden  ties  2  by  4  inches  or  2  bv  6  inches. 


Fig.  33.    Center  for  8-ft.  Sewer. 
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KALAMAZOO  NATIONAL  BANK,  KALAMAZOO,  MICH. 

J.  C.  Llewellyu,  Archilecl,  Chifiigo.  111. 

Reinforced  Concrete  Floors;  Steel  Columns  Reinforc-ed  with  Concrete.    First  Two  Stories.  Buff  Bedford 

Stone;  Upper  Stories,  Pressed  Brick.    Built  in  1907. 


REINFORCED  CONCRETE 

PART  II 


GENERAL  THEORY  OF  FLEXURE  IN  REINFORCED  CONCRETE 

Introduction.  The  theory  of  flexure  in  reinforced  concrete  is 
exceptionally  complicated.  A  multitude  of  simple  rules,  formulae, 
and  tables  for  designing  reinforced  concrete  work  have  been  proposed, 
some  of  which  are  sufficiently  accurate  and  applicable  wider  certain 
conditions.  But  the  effect  of  these  various  conditions  should  be 
thoroughly  understood.  Reinforced  concrete  should  not  be  designed 
by  "rule-of-thmnb"  engineers.  It  is  hardly  too  strong  a  statement 
to  say  that  a  man  is  criminally  careless  and  negligent  when  he  attempts 
to  design  a  structure  on  which  the  safety  and  lives  of  people  will 
depend,  without  thoroughly  imderstanding  the  theory  on  which  any 
formula  he  may  use  is  based.  The  applicability  of  all  formulae  is 
so  dependent  on  the  quality  of  the  steel  and  of  the  concrete,  and  on 
many  of  the  details  of  the  design,  that  a  blind  application  of  a  formula 
is  very  unsafe.  Although  the  greatest  pains  will  be  taken  to  make 
the  following  demonstration  as  clear  and  plain  as  possible,  it  will  be 
necessary  to  employ  symbols,  and  to  work  out  several  algebraic 
formuliie  on  which  the  rules  for  designing  will  be  based.  The  full 
significance  of  many  of  the  terms  mentioned  below  may  not  be  fully 
understood  until  several  subsequent  paragraphs  have  been  studied : 

b  =  Breadth  of  concrete  beam; 

d  =  Depth  from  compression  face  to  center  of  gravity  of  the  steel; 
.1  =  Area  of  the  steel ; 

;)  =  Ratio  of  area  of  steel  to' area  of   concrete  above   the  center  of  gravity 
of  the  steel,  generally  referred  to  as  "percentage  of  reinforcement," 

_  A  ; 

^  bd  ' 

Es  =  Modulus  of  elasticity  of  steel ; 

Ec  =  Initial  modulus  of  elasticity  of  concrete; 

Es 
r  =    7=f—  =  Ratio  of  the  moduli; 

JC.C 

s  =  Tensile  stress  per  unit  of  area  in  steel; 
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c  =  Compressive  stress  per  unit  of  area  in  concrete  at  the  outer  fiber  of  the 
beam;  this  may  var}'  from  zero  to  c' ; 

c'  =  Ultimate  compressive  stress  per  unit  of  area  in  concrete — the  stress 
at  which  failure  might  be  expected ; 

fa    =  Deformation^per  unit  of  length  in  the  steel; 

€c    =  "  "     "      "       "        in  outer  liber  of  concrete; 

e'c  =  II         .  It     ii      ti       it        jfj  outer  fiber  of  concrete  when  crushing 

is  imminent; 

e"c  =  Deformation  per  unit  of  length  in  outer  fiber  of  concrete  under  a  cer- 
tain condition  (described  later) ; 

q  =  — T-'  Ratio  of  deformations; 

k  =  Ratio  of  depth  from  compressive  face  to   the  neutral  axis  to   the  total 

effective  depth  d; 
X  =  Distance   from  compressive   face  to    center  of  gravity  of  compressive 

stresses; 
2  X  =  Summation  of  horizontal  compressive  stresses; 
M  =  Resisting  moment  of  a  section. 

Statics  of  Plain  Homogeneous  Beams.  As  a  preliminary  to  the 
theory  of  the  use  of  reinforced  concrete  in  beams,  a  very  brief  dis- 
cussion will  be  given  of  the 
statics  of  an  ordinary  homo- 
geneous  beam.  Let  A  B 
represent  a  beam  carr}''ing 
!iJ_UU  n  U  i  U:  ^  "^^^  a  uniformly  distributed  load 

W;   then  the  beam  is  sub- 


^ 


p.     go  jected  to  transverse  stresses. 

Let  us  imagine  that  one- 
half  of  the  beam  is  a  "free  body"  in  space  and  is  acted  on  by  exactly 
the  same  external  forces;  we  shall  also  assume  the  forces  C  and  T 
(acting  on  the  exposed  section),  which  are  just  such  forces  as  are 
required  to  keep  that  half  of  the  beam  in  equilibrium. 

These  forces,  and  their  direction,  are  represented  in  the  lower 
diagram  by  arrows.  The  load  W  is  represented  by  the  series  of 
small,  equal,  and  equally  spaced  vertical  arrows  pointing  downward. 
The  reaction  of  the  abutment  against  the  beam  is  an  upicard  force, 
shown  at  the  left.  The  farces  acting  on  a  section  at  the  center  are  the 
equivalent  of  the  two  equal  forces  C  and  T. 

The  force  C,  acting  at  the  top  of  the  section,  must  act  toward 
the  left,  and  there  is  therefore  compression  in  that  part  of  the  section. 
Similarly,  the  force  T  is  a  force  acting  toward  the  right,  and  the 
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Fig.  34. 


fibers  of  the  lower  part  of  the  beam  are  in  tension.  For  onr  present 
purp3se  we  may  consider  that  the  forces  C  and  T  are  in  each  case 
the  resultant  of  the  forces  acting  on  a  very  large  number  of  "fibers," 
The  stress  in  the  outer  fibers  is  of  course 
greatest.  At  the  center  of  the  height  there 
is  neither  tension  nor  compression.  This 
is  called  the  "neutral  axis." 

Let  us  consider  for  simplicity  a  very 
narrow  portion  of  the  beam,  having  the 
full  length  and  depth,  but  so  narrow  that 
it  includes  onlv  one  set  of  fibers,  one  above 
the  other,  as  shown  in  Fig.  35.  In  the  case  of  a  plain,  rect- 
angular, homogeneous  beam,  the  stresses  in  the  fibers  would  be  as 
given  in  Fig.  34;  the  neutral  axis  would  be  at  the  center  of  the  height, 
and  the  stress  at  the  bottom  and  the  top  would  be  equal  but  opposite. 
If  the  section  were  at  the  center  of  the  beam,  with  a  uniformlv  dis- 
tributed  load  (as  indicated  in  Fig.  33),  the  "shear"  would  be  zero. 
These  general  principles  have  already  been  explained  in  "Strength 
of  Materials,"  sections  57-60. 

A  beam  maij  be  constructed  of  plain  concrete ;.])ut  its  strength 
will  be  very  small,  since  the  tensile  strength  of  concrete  is  compara- 
tively insignificant.  Reinforced  concrete  utilizes  the  great  tensile 
strength  of  steel,  in  combination  with  the  compressive  strength  of 
concrete.  It  should  be  realized  that  the  essential  qualities  are 
compression  and  tension,  and  that  (ether  things  being  equal)  the 
cheapest  method  of  obtaining  the  necessary  compression  and  tension 
is    the    most    economical. 

Economy  of  Concrete  for  Compression. 
The  ultimate  compressive  strength  of  con- 
crete is  generally  2,000  pounds  or  over  per 
square  inch.  AVith  a  factor  of  safetv  of  four, 
a  working  stress  of  500  pounds  per  square  inch 
may  be  considered  allowable  We  may  esti- 
mate that  the  concrete  costs  twenty  cents  per 
cubic  foot,  or  .S5.40  per  cubic  yard.  On  the 
other  hand,  we  may  estimate  that  the  steel, 
placed  in  the  work,  costs  about  three  cents  per  pound.  It  will  weigh 
480  pounds  per  cubic  foot;  therefore  the  steel  costs  .$14.40  per  cubic 


\i^^ 


Fig.  35. 
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foot,  or  72  times  as  much  as  an  ecjual  volume  of  concrete  or  an  equal 
cross-section  per  iniit  of  len(:jth.  But  the  steel  can  safely  withstand  a 
compressive  stress  of  1G,000  pounds  per  square  inch,  which  is  32 
times  the  safe  working  load  on  concrete.  Since,  however,  a  given 
volume  of  steel  costs  72  times  an  equal  volume  of  concrete,  the  cost 
of  a  given  compressive  resistance  in  steel  is  ||  (or  2.25)  times  the  cost 
of  that  resistance  in  concrete.  Of  course,  the  above  assumed  imit 
prices  of  concrete  and  steel  will  vary  with  circumstances.  The 
advantage  of  concrete  over  steel  for  compression  may  be  somewhat 
greater  or  less  than  the  ratio  given  above,  but  the  advantage  is  almost 
invariably  with  the  concrete.  There  are  many  other  advantages  in 
addition,  which  will  be  discussed  later. 

Economy  of  Steel  for  Tension.  The  ultimate  tensile  strength  of 
ordinary  concrete  is  rarely  more  than  200  pounds  per  square  inch. 
With  a  factor  of  safety  of  four,  this  would  allow  a  working  stress  of 
only  50  pounds  per  square  inch.  This  is  generally  too  small  for 
practical  use,  and  certainly  too  small  for  economical  use.  On  the 
other  hand,  steel  may  be  used  with  a  working  stress  of  16,000  pounds 
per  square  inch,  which  is  320  times  that  allowable  for  concrete. 
Using  the  same  unit  values  for  the  cost  of  steel  and  concrete  as  given 
in  the  previous  section,  even  if  steel  costs  72  times  as  much  as  an  equal 
volume  of  concrete,  its  real  tensile  value  economically  is  V^^-  (or  4.44) 
times  as  great.  Any  reasonable  variation  from  the  above  unit  values 
cannot  alter  the  essential  truths  of  the  economy  of  steel  for  tension 
and  of  concrete  for  compression.  In  a  reinforced  concrete  beam, 
tlie  steel  is  placed  in  the  tension  side  of  the  beam.  Usually  it  is  placed 
from  one  to  two  inches  from  the  outer  face,  w^ith  the  double  purpose 
of  protecting  the  steel  from  corrosion  or  fire,  and  also  to  better  insure 
the  union  of  the  concrete  and  the  steel.  But  the  concrete  below  the 
steel  is  not  considered  in  the  numerical  calculations.  Even  the  con- 
crete which  is  between  the  steel  and  the  neutral  axis  (whose  position 
will  be  discussed  later),  is  chiefly  useful  in  transmitting  the  tension 
in  the  steel  to  the  concrete.  Althouo;h  such  concrete  is  theoreticallv 
subject  to  tension,  and  does  actually  contribute  its  share  of  the  tension 
when  the  stresses  in  the  beam  are  small,  the  proportion  of  the  necessary 
tension  which  the  concrete  can  furnish  when  the  beam  is  heavily 
loaded,  is  so  very  small  that  it  is  usually  ignored,  especially  since  such 
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a  policy  is  on  the  side  of  safety,  aiut  also  since  it  greatly  simplifies  the 
theoretical  calculations  and  yet  makes  very  little  difference  m  the 
final  result.  We  may  therefore  consider  that  in  a  unit  section  of  the 
beam,  as  in  Fig.  30,  the  concrete  above  the  neutral  axis  is  subject  to 
compression,  and  that  the  tension  is  furnished  entirely  by  the  steel. 

Elasticity  of  Concrete  in  Compression.  In  computing  the  trans- 
verse stresses  in  a  wooden  beam  or  steel  I-beam,  it  is  assumed  that  the 
modulus  of  elasticitv  is  uniform  for  all  stresses  within  the  elastic  limit. 
Experimental  tests  have  shown  this  to  be 
so  nearly  true  that  it  is  accepted  as  a 
mechanical  law.  This  means  that  if  a 
force  of  1,000  pounds  is  required  to 
stretch  a  bar  .001  of  an  inch,  it  will  re- 
quire 2,000  pounds  to  stretch  it  .002  of  an 
inch.  Similar  tests  have  been  made  with 
concrete,  to  determine  the  law  of  its  elas- 
ticitv. Unfortunatelv,  concrete  is  not  so 
uniform    in  its  behavior  as  steel.    The 

results  of  tests  are  somewhat  contradictory.  ]\Iany  engineers  have 
argued  that  the  elasticity  is  so  nearly  uniform  that  it  may  be  con- 
sidered to  be  such  within  the  limits  of  practical  use.  But  all  experi- 
menters who  have  tested  concrete  by  measuring  the  proportional 
compression  produced  by  various  pressures,  agree  that  the  additional 
shortening  produced  by  an  additional  pressure  of  say  100  pounds  per 
square  inch,  is  greater  at  higher  pressures  than  at  low  pressures. 

A  test  of  this  sort  mav  be  made  substantially  as  follows:  A 
square  or  circular  column  of  concrete  at  least  one  foot  long  is  placed 
in  a  testing  machine.  A  verv  delicate  micrometer  mechanism  is 
fastened  to  the  concrete  by  pointed  screws  of  hardened  steel.  These 
points  are  originally  at  a  known  distance  apart — say  8  inches.  ^^  hen 
the  concrete  is  compressed,  the  distance  between  these  points  will  be 
slightly  less.  A  very  delicate  mechanism  will  permit  this  distance  to 
be  measured  as  closely  as  the  ten-thousandth  part  of  an  inch  or,  to 


Fig.  36.    Transmission  of  Ten- 
sion in  Steel  to  Concrete. 


about 


1 


of  the  length.     Suppose  that  the  various  pressures  per 
100,000 

square  inch,  and  the  proportionate  compressions,  are  as  given  in  the 
following  tabular  form : 
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We  may  plot  these  pressures  and  compressions  as  in  Fig.  37, 
using  any  convenient  scale  for  each.  For  example,  for  a  pressure  of 
800  pounds  per  square  inch,  we  select  the  vertical  line  which  is  at  the 
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Compression   in  concrete  — pov-in as 
Fig.  37. 


horizontal  distance  from  the  origin  O  of  SOO,  according  to  the  scale 
adopted.  Scaling  off  on  this  vertical  line  the  ordinate  .00045,  accord^i^p 
ing  to  the  scale  adopted  for  compressions,  we  have  the  position  of  one -^ 
point  of  the  curv^e.  The  other  points  arc  obtained  similarly.  Al- 
though the  points  thus  obtained  from  the  testing  of  a  single  block  of 
concrete  would  not  be  considered  sufficient  to  estalilish  the  law  of  the 
elasticity  of  concrete  in  compression,  a  study  of  the  curves  w^hich  may 
be  drawn  through  the  series  of  points  ol)tained  for  each  of  a  large 
number  of  blocks,  shows  that  these  curses  will  average  very  closely 
to  parabolas  that  are  tangent  to  the  hiitial  modulus  of  elasticity, 
which  is  here  represented  in  the  diagram  by  a  straight  line  running 
diagonally  across  the  figure. 
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It  is  generally  considered  that  the  axis  of  the  parabola  will  be  a 
horizontal  line  when  the  curve  is  plotted  according  to  this  method. 
The  position  of  the  vertex  of  the  parabola  cannot  be  considered  as 
definitely  settled.  Professor  Talbot  has  computed  the  curve  as  if 
the  vertex  w^ere  at  the  point  of  the  ultimate  compression  of  the  con- 
crete, although  he  conceded  that  the  vertex  might  be  in  an  imaginary 
position  corresponding  to  a  compression  in  the  concrete  higher  than 
that  which  the  concrete  could  really  endure.  INIr.  A.  L.  Johnson, 
another  noted  authority,  bases  his  computation  of  formula  on  the 
assumption  that  the  ultimate  compressive  strength  of  the  concrete 
is  two-thirds  of  the  value  which  would  be  required  to  produce  that 
amount  of  compression,  in  case  the  initial  modulus  of  elasticity  w^as 
the  true  value  for  all  compressions.  In  other  words,  looking  at  Fig. 
37,  if  oc  is  a  line  representing  the  initial  modulus  of  elasticity,  then, 
if  the  elasticity  were  uniform  throughout,  it  would  require  a  force  of 
about  2,340  pounds  (or  d  /)  to  produce  a  proportionate  compression  of 
.00132  of  the  length  (represented  by  o  d).  Actually  that  compression 
will  be  produced  when  the  pressure  equals  d  e,  which  is  §  of  c?  /.  It 
should  not  be  forgotten  that  the  above  numerical  values  are  given 
merely  for  illustrative  purposes.  They  would,  if  true,  represent  a 
rather  weak  concrete.  The  following  theory  is  therefore  based  on  the 
assimaption  that  the  stress-strain  cur^^e  is  represented  by  the  parabolic 
curs'e  oe  (see  Fig.  37);  and  that  the  ultimate  stress  per  square  inch  in 
the  concrete  c'  is  represented  by  d  e,  wdiich  is  f  of  the  compressive 
stress  that  would  be  required  to  produce  that  proportionate  com- 
pression if  the  modulus  of  elasticity  of  the  concrete  were  uniformly 
maintained  at  the  value  it  has  for  very  low  pressures. 

Theoretical   Assumptions.    The   theory  of  reinforced  concrete 
beams  is  based  on  the  usual  assumptions  that, 

(a)  The  loads  are  applied  at  right  angles  to  the  axis  of  the  beam. 
The  usual  vertical  gravity  loads  supported  by  a  horizontal  beam,  fulfil  this 
condition. 

(6)  There  is  no  resistance  to  free  horizontal  motion.  This  condition 
is  seldom  if  ever  exactly  fulfilled  in  practice.  The  more  rigidly  the  beam 
is  held  at  the  ends,  the  greater  will  be  its  strength  above  that  computed  by 
the  simple  theory.  Under  ordinary  conditions  the  added  strength  is  quite 
indeterminate;  and  is  not  allowed  for,  except  in  the  appreciation  that  it 
adds  indefinitely  to  the  safety.. 

(c)  The  concrete  and  steel  stretch  together  ^nthout  breaking  the 
bond  between  them.     This  is  absolutely  essential. 
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(d)     Any  section  of  the  beam  which  is  plane  before  bending  is  plane 
after  bending. 

In  Fig.  38,  is  shown,  in  a  very  exaggerated  form,  the  essential 
meaning  of  assumption  (/.  The  section  abcdin  the  unstrained  con- 
dition, is  changed  to  the 
plane  a'  h'  c'  cV  when  the 
load  is  applied.  The  com- 
pression at  the  top  =  a  a' 
=  h  h'.  The  neutral  axis  is 
unchanged.  The  concrete 
at  the  bottom  is  stretched 
an  amount  =  cc'  =  dd', 
while  the  stretch  in  the  steel 
equals  g  g'.  The  compres- 
sion in  the  concrete  between 
^^"  the  neutral  axis  and  the  top 

is  proportional  to  the  distance  from  the  neutral  axis. 

In  Fig.  39a,  is  given  a  side  view  of  the  beam,  with  special  refer- 
ence to  the  deformation  of  the  fibers.  Since  the  fibers  between  the 
neutral  axis  and  the  compressive  face  are  compressed  proportionally, 
then,  if  a  a'  represents  the  lineal  compression  of  the  outer  fiber,  the 
shaded  lines  represent,  at  the  same  scale,  the  compression  of  the 
intermediate  fibers. 

,- 

_'keb-*l. 


.)*-c'. 


In  Fig.  396,  m  n  indicates 
the  stress  there  would  be  in 
the  outer  fiber  if  the  initial 
modulus  of  elasticity  applied 
to  all  stresses.  But  since  the 
force  required  to  produce  the 
compression  a  a'  is  proportion- 
ately so  much  less  than  that 
required  for  the  lesser  com- 
pressions, the  actual  pressure 
in  poimds  on  the  outer  fiber 
may  be  represented  by  a  line  v  n,  and  the  pressure  on  the  inter- 
mediate fibers  by  the  ordinates  to  the  curve  r  A^. 

In  Fig.  40,  a  and  h,  are  shown  a  pair  of  figures  corresponding 
with  those  of  Fig.  39,  except  that  the  compressive  deformation  of  the 
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concrete  in  the  outer  fiber  a  a'  is  only  one-halj  of  the  vakie  in  Fig.  39. 
But  it  will  ret[uire  about  three-fourths  as  much  pressure  to  produce 
one-half  as  much  compression.  In 
Fig.    40,    v'  n'  is    therefore    three- 


?<:^t- '    yVc^__ 


Fig.  40. 


fourths  oft;  ?i  in  Fig.  39.  The  stu- 
dent should  note  that  h'  here  differs 
shffhtlv  from  k.  which  means  that 
the  position  of  the  neutral  axis  va- 
ries with  the  conditions. 

Summation  of  the  Compressive 
Forces.     The     summation    of    the 
.compressive  forces  is  evidently   in- 
dicated by  the  area  of  the  shaded  portion  in  Fig.  41.    The  curve  v  N 
is  a  portion  of  a  parabola.     The  area  of  the  shaded  portion  between 
the  curve  vN  and  the  straight  line  vN ,  equals  one-third  of  the  area 
of  the  triangle  mNv.    The  area    of    the   triangle  vnN  =  ^  ckd. 
Therefore,  for  the  total  shaded  area,  we  have 
Area  =  h  c  kd  +  ^  (c„-  c)  J  kd, 
=  hkd(c-V  ^  c„-3  c), 
=  h  kd  (§  c  +  i  O- 
But  in  this  case,  c^  =  E^  e^;  therefore 

Area  ^  I  kd  (i  c  +  ^  E,e, (1) 

In  Fig.  42  has  been  redrawn  the  parabola  of 
U  r-"c— ^  ■  Fig  37,  in  which  o  is  the  vertex  of  the  parabola. 
Here  c"  is  the  force  which  would  produce  a  com- 
pression of  ef  provided  the  concrete  could  endure 
Kd  such  a  pressure  without  rupture.  If  the  initial 
modulus  of  elasticity  applied  to  all  stresses,  the 
required  force  would  be  the  line  E^  ef.     And  c" 

It  is  one  of  the  well-knowii  properties  of  the 
parabola  that  abscissas    are    proportional    to    the 
squares  of  the  ordinates,  or  that  (in  this  case), 

■ —  2 2 

k.l:mn::o  k^ :  o  ?«.' 
Transforming  to  the  svmbols,  we  have 


Fig.  41. 


(c"-c)  :  c"  ::(6/- 


"2 


(c"  -C)   =  C 


rMc'-  ^cl^ 


e"8 
c 
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c"  -  c  =  c"  (1  -  7  Y,  since  ^  "-  =  q. 

c 

c  =  c"  {\-{\-qy}   ; 
=  c"  (29  -  q^)  ■ 

=  i  £  e/  (2<7  -  2(/2),  since  c"  =  \  E^  e,";  and  also,  since  e;'=  y 

=  £cee(l-i7) (2) 

Substituting  this  value  of  c  in  E(juation  (I),  we  have: 
Area  =  %kd  [  I  E,  e,  (1  -  J  q)  +  J  E,  %,  \ 
=  ^kd\Ec  ee(l-J<7)}. 

The  summation  of  the  horizontal  forces  fS  X)  within  the 
shaded  area,  is  evidently  expressed  by  the  above  "area"  multiplied 
by  the  breadth  of  the  beam  "6."     Therefore, 

3X  =  HI  -  k)  Ee  ^  b/rd (3) 

In  order  to  avoid  the  complication  resulting  from  the  attempt 
to  develop  formuhe  which  are  applicable  to  all  kinds  of  assumptions, 
it  will  be  at  once  assumed,  as  previously  referred  to,  that  the  ultimate 


Fig.  42. 


compressive  strength  of  the  concrete  is  f  of  the  value  which  would  be 
required  to  produce  that  amount  of  compression  in  case  the  initial 
modulus  of  elasticity  was  the  true  value  for  all  compressions.  The 
practical  result  of  this  assumption  is  that  we  should  always  use 
ultimate  values  for  the  unit  stresses  in  the  steel  and  the  concrete,  and 
also  that  7  will  have  the  constant  value  of  5. 
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The  proof  that  5  will  equal  §  under  thess  conditions,  is  perhaps  deter- 
mined most  easily  by  computing  the  ratio  oi  b  h  to  gh  (see  Fig.  4?)  when  o  a  is 
assumed  to  be  J  of  0  m.  In  this  case,  from  the  properties  of  the  parabola,  a  b 
=  I  m  n ;  c'  =  §  vin  =  „  c"  =  J  E^  e". 

But  when  oa  =  ^  of  ow ,  </  /t  =  §  E^  e^  =  |}  J5'^€„". 

e  ' 
Therefore  c'  =  5  </  /i.     But  when  o  a  =  ^  of  0  m,  — ^  =  |. 

6  " 
c 

Therefore  when  c'  =  §  j/t,  (j-  =  f . 

It    has   already  been   shown    tliat  c"=^  E^  e/,  and  also  that 

e"  =      '  .    Therefore  ^  E^  G^  =  c"q.     It  has  also  been  shown  that  c' 

-  I  c",  or  that  c"=  «c^     Therefore  ^  E,  e,=  |  c'g. 

Substituting  this  value  in  Equation  3,  we  have  for  the  summation 
of  the  compressive  forces  above  the  neutral  axis  under  such  conditions: 

^^=l{l-lq)qc'hkd . (4) 

Substituting  the  further  condition  that  5  =  |,  we  have 

2X=  j'^c'bkd (5) 

Center  of  Gravity  of  Compressive  Forces.  This  is  also  called 
the  ceniroid  of  covi'pression.  The  theoretical  determination  of  this 
center  of  gravity  is  virtually  the  same  as  the  determination  of  the 
center  of  gravity  of  the  shaded  area  shown  in  Figs.  40  and  41.  The 
general  method  of  determining  this  center  of  gravity  requires  the  use 
of  differential  calculus,  and  is  a  veiy  long  and  tedious  calculation. 
But  the  final  result  may  be  reduced  to  a  surprisingly  simple  form,  as 
expressed  in  the  following  equation: 

4-0 
™  _  I.J  i  . 

^  -  ««  12_4q 

Assuming,  as  explained  above,  the  value  of  g  ==  f ,  this  reduces  to 

X  =  .357  kd (6) 

Whan  q  equals  zero,  the  value  of  x  equals  ,333  M;  and,  at  the  other  ex- 
trrme  Avhsn  g  =  1,  .r  =  .375  kd. 

There  is,  therefore,  a  very  small  range  of  inaccuracy  in  adopting 
the  value  of  ^  =  |  for  all  computations. 

Position  of  i'iiQ  Neutral  Axis.  According  to  one  of  the  funda- 
mental laws  of  mechanics,  the  sum  of  the  horizontal  tensile  forces 
must  be  equal  and  opposite  to  the  sum  of  the  compressive  forces. 
Ignoring  the  very  small  amount  of  tension  furnished  by  the  concrete 
below  the  neutral  axis,  the  tension  in  the  steel  =^5=  yhds  =the 
total  compression  in  the  concrete.     Therefore, 
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pbds=  i  (1  -h  g)f^c  e^kbd. 

But  s  =  Egi,;  therefore, 


■p 
But  -1  =  r,  and  by  proportional  triangles,  as  shown  in  Fig.  40. 
Ec 

-^  9=    — "  -   ;    or  Cc   —  e,    . 

kd       d  —kd  \  —  k 

Making  thege  substitutions,  we  have: 

-pr^  H1-J7)    xITfc    (7) 

Solving  this  quadratic  for  k,  we  have : 

jc  ^    f  2  pr  j/r'       "       pr  (g) 

\  (1-^9)^(1-49)='       (1-J<7) 

Equation  8  is  a  perfectly  general  equation,  which  depends  for  its 
accuracy  only  on  the  assumption  that  the  law  of  compressive  stress 
to  compressive  strain  is  represented  by  a  parabola.  The  equation 
shows  that  k,  the  ratio  determining  the  position  of  the  neutral  axis, 
depends  on  three  variables — namely,  the  percentage  of  the  steel  (p), 
the  ratio  of  the  moduli  of  elasticities  (r),  and  the  ratio  of  the  deforma- 
tions in  the  concrete  (q).  These  must  all  be  determined  more  or  less 
accurately  before  we  can  know  the  position  of  the  neutral  axis. 

On  the  other  hand,  if  it  were  necessary  to  work  out  equation  8, 
as  well  as, many  others,  for  every  computation  in  reinforced  concrete, 
the  calculations  would  be  impracticably  tedious.  Fortunately  the 
extreme-  range  in  k  for  any  one  ratio  of  moduli  of  elasticities,  is 
only  a  few  per  cent,  even  when  q  varies  from  0  to  1.  We  shall  there- 
fore simplify  the  calculations  by  using  the  constant  value  9  =  §,  as 
explained  above. 

Substituting  q  =^  }  in  Equation  8,  we  have 

k=JW^7VI^^-^pr (9) 

\    7  49  7  ^  ^ 

The  various  values  for  the  ratio  of  the  moduli  of  elasticity  (r)  are 
discussed  in  the  succeeding  section.  The  values  of  /.;  for  various 
values  of  r  and  p,  and  for  the  uniform  value  oi  q  =  §,  have  been  com- 
puted in  the  following  tabular  form.  Four  values  have  been  chosen 
for  r,  in  conjunction  with  nine  values  of  p,  vaiying  by  0.2  per  cent 
and  covering  the  entire  practicable  range  of  p,  on  the  basis  of  which 
values  k  has  been  worked  out  in  the  tabular  form.     Usuallv  the  value 
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of  k  can  be  deteniiinecl  directly  from  the  tiible.  By  interpolating 
.between  two  values  in  the  table,  any  recjuired  value  within  the  limits 
of  ordinary  practice  can  be  determined  with  all  necessary  accuracy. 

TABLE  Vlf 

Values  of  Ic  for  Various  Values  of  r  and  jy 


P 

r 

.020 

.018 

.016 

.014 

.012 

.010 

.008 

.006 

.004 

10 
12 
20 
40 

.505 
.536 
.623 
.736 

.487 
..517 
.604 
.718 

.468 
.497 
.583 
.700 

.446 

.475 
.561 
.678 

.422 
.450 
.535 
.654 

.395 
.422 
.505 
.623 

.361 

.388 
.465    . 

.584    ^ 

.323 

.348 
.422 
.536 

.274 
.295 
.362 
.467 

Ratio  of  Moduli.  Theoretically  there  is  an  indefinite  number 
of  values  of  r,  the  ratio  of  the  moduli  of  elasticity  of  the  steel  and  the 
concrete.  The  modulus  for  steel  is  fairly  constant  at  about  29,000,000 
or  30,000,000.  The  value  of  the  initial  modulus  for  concrete  varies 
according  to  the  quality  of  the  concrete,  from  1,500,000  to  3,000,000 
for  stone  concrete.  An  average  vialue  for  cinder  concrete  is  about 
750,000.  Some  experimental  values  for  stone  concrete  have  fallen 
somewhat  lower  than  1,500,000,  while  others  have  reached  4,000,000 
and  even  more.  We  may  probably  use  the  following  values  with  the 
constant  value  of  29,000,000  for  the  steel. 

TABLE   VIII 
Modulus  of  Elasticity  of  Some  Grades  of  Concrete 


Kind    of   Concrete 

Mixture 

^c 

?• 

Cinder 

1:2:5 
1:6:12 
1:3:6 
1:2:4 

750,000 
1,4.W,000 
2,400,000 
2,900,000 

40 

Rrolcpn  Stone 

20 

U                         11 

12 

11               tl 

10 

The  value  given  above  for  1:6:12  concrete  is  mentioned  only 
because  the  value  r  =  20  is  sometimes  used  with  the  weaker  grades  of 
concrete,  and  the  value  of  approximately  1,450,000  for  the  elasticity 
of  such  concrete  has  been  found  by  experimenters.  The  use  of  such 
a  lean  concrete  is  hardly  to  be  recommended,  because  of  its  unre- 
liability. Considering  the  variability  in  cinder  concrete,  the  even  value 
of  f  =  40  is  justifiable  rather  than  the  precise  value  38.67. 
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Percentage  of  Steel.  The  previous  calculations  have  been  made 
as  if  the  percentage  of  the  steel  might  be  varied  almost  indefinitely. 
While  there  is  considerable  freedom  of  choice,  there  are  limitations 
beyond  which  it  is  useless  to  pass;  and  there  is  always  a  moot  economi- 
cal percentage,  depentling  on  the  conditions.  We  have  already 
determined  that 


er 


]^ut  fe    =      —   - —        ;    :i'i*^ 
E.  (1  -  h<j) 

ej   =  -^  ;     therefore, 

Cc  c     Es  c  r  1 


'  es         s£c  (1  -  hq)  s{\-hq)  1  -  fc 

Solving  for  k,  we  have : 
,  cr 

c  r  +  s  (1  —  ^q) 
Using  as  before  the  value  of  9  =  ^,  the  equation  becomes: 

^.  =  .      ^^"^ 

cr4-  .667  s 

Using  the  same  value  of  q  in  equation  7,  and  solving  for  p,  we  have: 

_   J  k^__ 

^""      ISd-/.)"^ 

Substituting  the  above  value  of  A;  in  this  equation,  we  have,  after  considerable 

reduction: 

„^_7cc_r (10) 

^       12  s(cr+  .667s)*' 

The  above  equation  shows  that  we  cannot  select  the  percentage 
of  steel  at  random,  since  it  evidently  depends  on  the  selected  stresses 
for  the  steel  and  concrete,  and  also  on  the  ratio  of  their  moduli.  For 
example,  consider  a  high-grade  concrete  (1:2:5)  whose  modulus  of 
elasticity  is  considered  to  be  2,800,000,  and  which  has  a  limiting  com- 
pressive stress  of  2,700  pounds  (c'),  which  we  may  consider  in  con- 
junction with  the  limiting  stress  of  55,000  pounds  in  the  steel.  The 
values  of  c,  5,an'ir  are  therefore  27,000, 55,000,  and  10.37  respectively. 
Substituting  these  values  in  equation  10,  we  compute  p=.012. 

Example.  What  percentage  of  steel  would  be  required  for 
ordinary  stone  concrete,  with  r=  12,  c  =  500,  and  5=16,000?  Ans. 
O.GG  per  cent. 

Resisting  Moment.  The  moment  which  resists  the  action  of  the 
external  forces  is  evidently  measured  by  the  product  of  the  distance 
from  the  center  of  gravity  of  the  steel  to  the  centroid  of  compression 
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of  the  concrete,  times  the  total  compression  of  the  concrete,  or,  other- 
wise, times  the  tension  in  the  steel.  The  compression  in  the  concrete 
and  the  tension  in  the  steel  are  equal,  and  it  is  therefore  only  a  matter 
of  convenience  to  express  this  product  in  terms  of  the  tension  in  the 
steel.  Therefore,  adopting  the  notation  already  mentioned,  we  may 
write  the  formula: 

M  =  As{d-x) (U) 

But  since  the  computations  are  frequently  made  in  terms  of  the  dimen- 
sions of  the  concrete  and  of  the  percentage  of  the  reinforcing  steel, 
it  may  be  more  convenient  to  write  the  equation : 

M  =  pbds(d-x) (12) 

Example  1.  What  is  the  resisting  moment  of  a  concrete  beam 
made  of  ordinary  1:3:6  concrete  which  is  7  inches  wide,  10  inches 
deep  to  the  reinforcement,  and  which  uses  1  per  cent  of  reinforce- 
ment? 

Answer.  We  shall  assume  that  the  steel  is  to  be  used  with  a 
working  stress  of  16,000  pounds  per  square  inch,  which  means  that 
our  resulting  resisting  moment  may  be  considered  as  the  resisting 
moment  for  a  v/orking  load.  If  we  were  to  use,  say,  55,000  pounds 
per  square  inch  for  the  stress  in  the  steel,  which  should  be  considered 
an  ultimate  value,  we  should  obtain  a  proportionately  larger  value 
for  the  resisting  moment,  but  it  would  in  that  case  represent  the  ulti- 
mate resisting  moment.  The  concrete  is  supposed  to  have  a  ratio 
for  the  moduli  of  elasticity  (r)  equals  12.  With  1%  rein,forcement 
(or  p=:  .01),  the  value  of  k  is  .422.     According  to  equation  6. 

X  =  .357  kd  =  .357  X  .422  d  -  .151  d. 

Therefore, 

d-  X  =  .849  d.   . 

Therefore, 

M  =  .01  X  7  X  10  X  16,000  X  .849  X  10  =  95,088  inch-pounds. 

Example  2.  What  will  be  the  ultimate  resisting  moment  of  a 
5-inch  slab  made  of  a  high  quality  of  concrete  (1:2:4)  using  the  most 
economical  percentage  of  steel? 

Atiswer,  For  this  quality  of  colicrete,  r=10;  the  ultimate 
compressive  strength  of  the  concrete  is  2,700;  and  the  ultimate 
tension  in  the  steel  is  assumed  at  55,000.     Substituting  these  values 


73 


64  REINFORCED  CONCRETE 


in  Equation  10,  we  find  that  the  economical  percentage  of  steel  is 
1.21.  Interpolating  tliis  value  of  p  in  Table  VII,  considering  that 
r  =  10,  we  have  k  =  .424.  Substituting  this  value  of  k  in  Equation 
6  we  find  that  x  =  .151  d.  In  the  case  of  the  5-inch  slab,  we  shall 
assume  that  the  center  of  gravity  of  the  steel  is  placed  1  inch  from  the 
bottom  of  the  slab.  Therefore  c/  =  4  inches.  For  a  slab  of  indefinite 
width,  we  shall  assume  that  b  =  12  inches.  Therefore  our  computed 
value  for  the  ultimate  resisting  moment,  gives  the  moment  of  a  strip 
of  the  slab  one  foot  wide,  and  the  computed  amount  of  the  steel  is  the 
amount  of  steel  per  foot  of  width  of  the  slab. 

Substituting  these  various  values  in  Equation  12,  we  find  as  the 
value  of  the  ultimate  resisting  moment: 

Mo  =  .0121  X  12  X  4  X  55,000  X  .849  X  4  =  108,482  inch-pounds. 

The  area  of  steel  required  for  each  foot  of  width  is: 
.1  =  .0121  X  12  X  4  =  .5808  square  inch. 

This  equals  .0484  square  inch  per  inch  of  width.     Since  a  ^-inch 

square  bar  has  an  area- of  .25  square  inch,  Ave  may  provide  the  rein- 

.25 
forcement  by  using  ^-incb  square  bars  spaced-"*"—  ==  5.17  inches, 

or,  say,  5^  inches. 

Example  3.  A  very  instructive  comparison  may  be  made  by 
considering  a  5-inch  slab  with  <Z  =  4  inches,  but  made  of  1:3:6  con- 
crete. In  this  case  we  call  r  =  12;  c  =  2,000;  and  s  (as  before)  = 
55,000.  By  the  same  method  as  before,  .we  obtain  p  =  .0084;  k  = 
.395;  and  therefore  x  =  .141  d.  Substituting  these  values  in  Equa- 
tion 12,  we  have: 

Mo  =  .0084  X  12  X  4  X  55,000  X  .859  X  4  =  76,197  inch-pounds. 

The  area  of  steel  per  foot  of  width  is : 
A  =  .0084  X  12  X  4  =  .4032  square  inch. 

This  would  require  i-inch  square  bars  spaced  7.33  inches.  Although 
the  amount  of  steel  required  in  this  slab  is  considerably  less  than 
was  required  in  the  previous  case,  the  ultimate  moment  of  the  slab 
is  also  very  much  less.  In  fact  the  reduction  of  strength  is  very 
nearly  in  proportion  to  the  reduction  in  the  amount  of  steel.  There- 
fore, it  must  be  observed  that,  although  the  percentage  of  ^teel  used 
with  high-grade  concrete  is  considerably  higher,  the  thickness  of  the 
concrete  will  be  considerably  less;  and  in  spite  of  the  fact  that  the 


74 


'SNOl  OOZ 


CO 

o 

CD 
CLD 


CO 


sno 


— ^i 

1  OOZ        t 


015 

o 
o 

< 

cQ 


O-  £ — -»i 


cl 

• 

w 

u 

f— 

z 

< 

o 

CD 

o 

^ 

Ci:: 

OS 

p::; 

55 

o 

O 

CJ 

U 

Q 

u 

u 

K 

o 

2 

=5. 


3 


Co 


ce  -- 

•Si* 

Q    i 

<      B 


M 

s 

^ 

CD 

H 

03 

:z; 

Z 

o 

« 
^ 

i/l 

o 

E-« 

a: 

a. 

O 

< 

^ 

o 

S 
o 

P-. 

o 

REIXFOKCED  CONCRETE  65 

percentage  of  steel  may  be  higher,  its  absohite  amount  for  a  slab  of 
equal  strength  may  be  approximately  the  same. 

Example  4.  Another  instructive  principle  may  be  learned  by 
determining  the  required  thickness  of  a  slab  made  of  1:3:6  concrete, 
which  shall  have  the  same  ultimate  strength  as  the  high-grade  con- 
crete mentioned  in  example  2.  In  other  words,  its  ultimate  moment 
per  foot  of  width  must  equal  108,482  inch-pounds.  The  values  of 
r,  c,  and  s  are  the  same  as  in  example  3,  and  therefore  the  value  of 
p  must  be  the  same  as  Jn  example  3;  therefore  p  =  .0084.  Since 
r  and  p  are  the  same  as  in  £xample  3,  k  again  equals  .395,  and  there- 
fore X  =  .14:1  d.     We  therefore  have  from  Equation  12: 

il/o  =  108,482  =  .0084  X  12  X  rf  X  55,000  X  .859  X  (/. 

Solving  this  equation  for  d,  we  find  d^  =  22.78;  and  d  =  4.77.  The 
area  of  the  steel  .4-  pbd  =  .0084  X  12  X  4.77  =  .481.  This  is 
considerably  less  than  the  area  of  steel  per  foot  of  width  as  computed 
in  example  2,  lor  a  slab  of  equal  strength.  On  the  other  hand,  the 
slab  of  1:3:6  concrete  will  require  about  15  per  cent  more  concrete. 
It  will  also  weigh  about  10  pounds  per  square  foot  more  than  the 
thinner  slab,  which  will  reduce  by  that  amount  the  permissible  live 
load.  The  determination  of  the  relative  economy  of  the  two  kinds 
of  concrete  will  therefore  depend  somewhat  on  the  relative  price 
of  the  concrete  and  the  steel.  The  difference  in  the  total  cost  of  the 
two  methods  is  usually  not  large;  and  abnormal  variation  in  the 
price  of  cement  or  steel  may  be  sufficient  to  turn  the  scale  one  way  or 
the  other. 

Determination  of  Values  for  Frequent  Use.  The  above  methods 
of  calculation  may  be  somewhat  sunplified  by  the  determi- 
nation, once  for  all,  of  constants  which  are  in  frequent  use. 
For  example,  a  very  large  amount  of  work  is  being  done  using  1:3:6 
concrete.  Sometimes  Engineers  will  use  the  formulae  developed  on 
the  basis  of  1:3:6  concrete,  even  when  it  is  known  that  a  richer 
mixture  will  be  used.  Although  such  a  practice  is  not  economical, 
the  error  is  on  the  side  of  safety;  and  it  makes  some  allowance  for  the 
fact  that  a  mixture  which  is  nominallv  richer  man  not  have  anv  greater 
strength  than  the  values  used  for  the  1:3:6  mixture,  on  account  of 
defective  workmanship  or  inferior'  cement  or  sand.     Some  of  the 
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constants  for  use  with  1:3 :G  mixture  and  1:2:4  mixture  will  now  be 
worked  out. 

For  the  1:3:6  mixture,  r  =  12;  c  =  2,000;  and  we  shall  assume 
s  =  55,000.  On  the  basis  of  such  values,  the  economical  per- 
centage of  steel  is  .84  per  cent.  Under  these  conditions,  k  will  always 
be  .395;  and  x  will  equal  .141  d.  Therefore  the  term  (d—  x)  will 
always  equal  .859  d,  or  say,  .86  d,  which  is  close  enough  for  a  working 
value.  Since  the  above  values  for  c  and  s  represent  the  ultimate 
values,  the  resulting  moment  is  the  ultimate  moment,  which  we  will 
call  M.    Therefore,  for  1:3:6  concrete,  we  have  the  constant  values : 

Mo  =  .0084  XhdX  55,000  X  .S6d 

=  397  hd^    I  /  J  ^N 

A  =  .0084  ^d  \ ■ ^    ^ 

.   (d-x)  =  .S6d 

Similarly  we  can  compute  a  corresponding  value  for  1:2:4  con- 
crete, using  the  values  previously  allowed  for  this  grade: 

Mo  =.505  6  d-  I  (i^\ 

A      =.0121  fed  I  ^       ^ 

(d-x)    =.86d 

Numerical  Examples.  1.  A  flooring  with  a  live  load  capacity 
of  150  pounds  per  square  foot,  is  to  be  constructed  on  I-beams 
spaced  6  feet  from  center  to  center,  using  1:3:6  concrete.  What 
thickness  of  slab  will  be  required,  and  how  much  steel  must  be  used  ? 

Answer.  Using  the  approximate  estimate,  based  on  experience, 
that  such  a  slab  will  weigh  about  50  pounds  per  square  foot,  we  can 
compute  the  ultimate  load  by  multiplying  the  live  load,  150,  by  four, 
and  the  dead  load,  50,  by  two,  and  obtain  a  total  ultimate  load  of 
700  pounds  per  square  foot.  A  strip  1  foot  wide  and  6  feet  long 
(between  the  beams)  will  therefore  carry  a  total  load  of  700  X  6  =^ 
4,200  pounds.     Considering  this  as  a  simple  beam,  we  have: 

Wo  I      4,200  X  G  X  12 
Mo  =    ~T^ —  = u =  37,800  inch-poundri. 

Placing  this  numerical  value  of  M„  =  397  bd"^,  as  in  Equation  13,  we 
have  37,800  =  397  b  d'.  In  this  case,  &  =  12  inches.  Substitutiiig 
this  value  of  b,  we  solve  for  dr,  and  obtain  d^  =  7.93,  and  d  =  2.82 
inches.  Allowing  an  extra  inch  below  the  steel,  this  will  allow  us  to 
use  a  4-inch  slab.  Theoretically  we  could  make  it  a  little  less. 
Practically  this  figure  should  be  chosen.     The  required  steel,  from 
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Equation  13,  equals  .00S4  bd.  Taking  b  =  I,  we  have  the  required 
steel  per  inch  of  width  of  the  slab  =  .0084  X  2.82  =  .0237  square 

inch.     If  we  use  ^j-inch  square  bars  which  have  a  cross-sectional  area 

95 
of  .25  square  inch,  we  may  space  the  bars  ~~~.^  =  10  inches.    This 

reinforcement  could  also  be  accomplished  })y  using  j^-inch  s(iuare 
bars,  which  have  an  area  of  .1406.    The  spacing  may  therefore  be 

r^^^  —  6.0  inches.     As  referred  to  later,  there  should  also  be  a  few 

bars  laid  perpendicular  to  the  main  reinforcing  bars,  or  parallel  with 
the  I-beams,  so  as  to  prevent  shrinkage.  The  required  amount  of 
this  steel  is  not  readily  calculable.  Since  the  I-beams  are  6  feet 
apart,  if  we  place  two  lines  of  f-inch  square  bars  spaced  2  feet  apart, 
parallel  with  the  I-beams,  there  will  then  be  reinforcing  steel  in  a 
direction  parallel  with  the  I-beams  at  distances  apart  not  greater 
than  2  feet,  since  the  I-beams  themselves  will  prevent  shrinkage 
immediately  around  them. 

Table  for  Slab  Computation.  The  necessity  of  very  frequently 
computing  the  required  thicknesses  of  slabs,  renders  very  -useful  a 
table  such  as  is  shown  in  Table  IX,  which  has  been  worked  out  on 
the  basis  of  1:3:8  concrete,  and  computed  by  solving  Equation  13  for 
various  thiclaiesses  d,  and  for  various  spans  L  varying  by  single  feet. 
It  should  be  noted  that  the  loads  as  given  are  idtimate  loads  per  square 
foot,  and  that  they  therefore  include  the  weight  of  the  slab  itself,  which 
must  be  multiplied  by  its  factor  of  safety,  which  is  usually  considered 
as  2. 

For  example,  in  the  above  numerical  case,  we  computed  that 
there  would  be  a  total  load  of  700  pounds  on  a  span  of  6  feet.  In  the 
column  headed  6,  we  find  794  on  the  same  line  as  the  value  of  3.0  in 
the  column  d.  This  shows  that  3.0  is  somewhat  excessive  for  the 
value  of  d.  We  computed  its  precise  value  to  be  2.82.  On  the  same 
line,  we  find  under  "Spacing  of  Bars,"  that  f-inch  square  bars  spaced 
5^^  inches  will  be  sufficient.  In  the  above  more  precise  calculation, 
we  found  that  the  bars  could  be  spaced  6  inches  apart,  as  was  to  be 
expected,  since  the  computed  ultimate  load  is  considerably  less  than 
the  nearest  value  found  in  the  table. 

Example  1.  What  is  the  ultimate  load  that  will  be  carried  by  a 
5-inch  slab  on  a  span  of  IC  feet  using  1:3:6  concrete? 
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Answer.  The  5  inches  here  represent  the  total  thickness,  and 
we  shall  assume  that  the  effective  thickness  (d)  is  1-inch  less.  There- 
fore d  =  4:  inches.  On  the  line  opposite  c?  =  4  in  Table  IX,  and 
under  the  column  L  =  10,  we  have  508,  which  gives  the  ultimate 
load  per  square  foot.  A  5-inch  slab  will  weigh  approximately  60 
pounds  per  square  foot,  allowing  12  pounds  per  square  foot  per  inch 
of  thickness.  Using  a  factor  of  2,  w^e  have  120  pounds,  which,  sub- 
tracting from  508,  leaves  388  pounds;  dividing  this  by  4,  we  have  97 
pounds  per  square  foot  as  the  allowable  working  load.  Such  a  load 
IS  heavier  than  that  required  for  residences  or  apartment  houses.  It 
would  do  for  an  office  building. 

Example  2.  The  floor  of  a  factory  is  to  be  loaded  w^th  a  live 
load  of  300  pounds  per  square  foot,  the  slab  to  be  supported  on  beams 
spaced  8  feet  apart.     What  must  be  the  thickness  of  the  floor  slab? 

Aiiswer.     With  1,200  pounds  per  square  foot  ultimate  load  for 
the  live  load  alone,  we  notice  in  Table  IX,  under  Z  =  8,  that  1,241  is 
opposite  to  d  =  5.     This  shows  that  it  would  require  a  slab  nearly 
G  inches  thick  to  support  the  live  load  alone.     We  shall  therefore  add 
another  half-inch  as  an  estimated  allowance  for  the  weight  of  the 
slab  and,  assuming  that  a  6|-inch  slab  having  a  weight  of  78  pounds 
per  square  foot  will  do  the  work,  we  multiply  300  by  4,  and  78  by  2, 
and  have  1,356  pounds  per  square  foot  as  the  ultimate  load  to  be 
carried.     Under  L  =  8,  in  Table  IX,  we  find  that  1,356  comes  be- 
tween 1,241  and  1,501,  showing  that  a  slab  with  an  effective  thickness 
d  of  about  5^  inches  will  have  this  ultimate  carr\'ing  capacitv.     The 
total  thickness  of  the  slab  should  therefore  be  about  6\  inchel     The 
table  also  shows  that  ^-inch  bars  spaced  about  5|  inches  apart  will 
ser\^e  for  the  reinforcement.     We  might  also  provide  the  reinforce- 
ment by  f-inch  square  bars  spaced  a  little  over  3  inches  apart;  but 
it  would  probably  be  better  policy  to  use  the  haJf-inch  bars,  especially 
since  the  |-inch  bars  will  cost  somewhat  more  per  pound. 

Practical  .Methods  of  Spacing  Slab  Bars.  It  is  too  much  to  expect 
of  workmen  that  bars  will  be  accurately  spaced  when  their  distance 
apart  is  expressed  in  fractions  of  an  inch.  But  it  is  a  comparatively 
simple  matter  to  require  the  workmen  to  space  the  bars  evenly,  pro- 
vided it  is  accurately  computed  how  many  bars  should  be  laid  in  a 
given  width  of  slab.  For  example,  in  the  above  case,  a  panel  of  the 
flooring  which  is,  say,  20  feet  wide,  should  have  a  definite  number  of 
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bars,  20  feet  =  240  inches,  and  240  -^  5.75  =  41 .7.  We  will  call  this 
42,  and  instruct  the  workmen  to  distribute  42  bars  equally  in  the  panel 
20  feet  wide.  The  workmen  can  do  this  without  even  using  a  foot- 
rule,  and  can  adjust  them  to  an  even  spacing  with  sufficient  accuracy 
for  the  purpose. 

Table  for  Computation  of  Simple  Beams.  In  Table  X  has  been 
computed  for  convenience,  the  ultimate  total  load  on  rectangular 
beams  made  of  average  concrete  (1 :3:G)  and  with  a  width  of  1  inch. 
For  other  mdths,  multiply  by  the  width  of  the  beam.  Since  M„  = 
I  W^l;  and  since  by  Equation  13,  for  this  grade  of  concrete,  M^= 
397  b  d^ ;  and  since  for  a  computation  of  beams  1  inch  wide,  6  =  1 ,  we 
may  write  ■}  W„  I  =  397  d\  For  I  we  shall  substitute  12  L.  Making 
this  substitution  and  solving  for  W^,  we  have  W„  =  265  (P  h-  L. 
Since  ^  =  1,  A,  the  area  of  steel  per  inch  of  width  of  the  beam 
=  .0084  d. 

Exam'ple.  What  is  the  ultimate  total  load  on  a  simple  beam 
having  a  depth  of  16  inches  to  the  reinforcement,  12  inches  wide  and 
having  a  span  of  20  feet? 

Answer,  Looking  in  Table  X,  under  L  =  20,  and  opposite 
d  =  16,  we  find  that  a  beam  1  inch  wide  will  sustain  a  total  load  of 
3,392  pounds.  For  a  width  of  12  inches,  the  total  ultimate  load  will 
be  12  X  3,392  =  40,704  pounds.  At  144  pounds  per  cubic  foot,  the 
beam  v/ill  weigh  3,840  pounds.  Using  a  factor  of  2  on  this,  we  shall 
have  7,680  pounds,  which,  subtracted  from  40,704,  gives  33,024. 
Dividing  this  by  4,  we  have  8,256  lbs.  as  the  allowable  live  load  on 
such  a  beam. 

Resistance  to  the  Slipping  of  the  Steel  in  the  Concrete.  The 
previous  discussion  has  considered  merely  the  tension  and  compres- 
sion in  the  upper  and  lower  sides  of  the  beam.  A  plain,  simple  beam 
resting  freely  on  two  end  supports,  has  neither  tension  nor  compres- 
sion in  the  fibers  at  the  ends  of  the  beam.  The  horizontal  tension 
and  compression,  found  at  or  near  the  center  of  the  beam,  entirely 
disappear  by  the  time  the  end  of  the  beam  is  reached.  This  is  done 
by  transferring  the  tensile  stress  in  the  steel  at  the  bottom  of  the  beam, 
to  the  compression,  fibers  in  the  top  of  the  beam,  by  means  of  the 
intermediate  concrete.  This  is,  in  fact,  the  main  use  of  the  concrete 
in  the  lower  part  of  the  beam. 
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It  is  therefore  necessary  that  the  bond  between  the  concrete  and 
the  steel  shall  be  sufficiently  great  to  withstand  the  tendency  to  slip. 
I'he  required  strength  of  this  bond  is  evidently  equal  to  the  difference 
in  the  tension  in  the  steel  per  unit  of  length.  For  example,  suppose 
that  we  are  considering  a  bar  1-inch  square  in  the  middle  of  the  length 
of  a  beam.  Suppose  that  the  bar  is  under  an  actual  tension  of 
15,000  pounds  per  square  inch.  Since  the  bar  is  1-inch  square,  the 
actual  total  tension  is  15,000  pounds.  Suppose  that,  at  a  point  1  inch 
beyond,  the  moment  in  the  beam  is  so  reduced  that  the  tension  in  the 
bar  is  14,000  pounds  instead  of  15,000  pounds.  This  means  that  the 
difference  of  pull  ( 1 00  pounds)  has  been  taken  up  by  the  concrete.  The 
surface  of  the  bar  for  that  length  of  one  inch,  is  four  square  inches. 
This  will  require  an  adhesion  of  25  pounds  per  square  inch  between 
the  steel  and  the  concrete,  in  order  to  take  up  this  difference  of  tension 
The  adhesion  between  concrete  and  plain  bars  is  usually  considerably 
greater  than  this  and  there  is  therefore  but  little  question  about  the 
bond  in  the  center  of  the  beam.  But  near  the  ends  of  the  beam,  the 
change  in  tension  in  the  bar  is  far  more  rapid,  and  it  then  becomes 
questionable  whether  the  bond  is  sufficient. 

Although  there  is  no  intention  to  argue  the  merits  of  any  form 
of  patented  bar,  this  discussion  would  not  be  complete  without  a 
statement  of  the  arguments  in  favor  of  deformed  bars,  or  bars  with 
a  mechanical  bond,  instead  of  plain  bars.  The  deformed  bars  have 
a  variety  of  shapes;  and  since  they  are  not  prismatic,  it  is  evident  that, 
apart  from  adhesion,  they  cannot  be  drawn  through  the  concrete 
without  splitting  or  crushing  the  concrete  innnediately  around  the 
bars.  The  choice  of  form  is  chiefly  a  matter  of  designing  a  form  which 
will  furnish  the  greatest  resistance,  and  which  at  the  same  time  is  not 
unduly  expensive  to  manufacture.  Of  course,  the  deformed  bars  are 
necessarily  somewhat  more  expensive  than  the  plain  bars.  The 
main  line  of  argument  of  those  engineers  who  defend  the  use  of  plain 
bor.s,  may  be  summed  up  in  the  assertion  that  the  plain  bars  are 
"good  enough,"  and  that,  since  they  are  less  expensive  than  deformed 
bars,  the  added  expense  is  useless.  The  arguments  in  favor  of  a 
mechanical  bond,  and  against  the  use  of  plain  bars,  are  based  on  three 
assertions: 

First:  It  is  claimed  that  tests  have  apparently  verified  the 
assertion  that  the  mere  soaking  of  the  concrete  in  water  for  several 
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months  is  sufficient  to  reduce  the  adhesion  from  h  to  f .  If  this  con- 
tention is  true,  the  adhesion  of  bars  in  concrete  which  is  Ukely  to  be 
perpetually  soaked  in  Avater,  is  unreliable. 

Second:  Microscopical  examination  of  the  surface  of  steel,  and 
of  concrete  Vhich  has  been  moulded  around  the  steel,  shows  that  the 
adhesion  depends  chiefly  on  the  roughness  of  the  steel,  and  that  the 
cement  actually  enters  into  the  microscGoical  indentations  in  the 
surface  of  the  metal.  Since  a  stress  in  the  metal  even  within  the  elastic 
limit  necessarily  reduces  its  cross-section  somewhat,  the  so-called 
adhesion  will  be  more  and  more  reduced  as  the  stress  in  the  metal 
becomes  greater.  This  view  of  the  case  has  been  verified  by  recent 
experiments  by  Professor  Talbot,  who  used  bars  made  of  tool  steel 
in  many  of  his  tests.  These  bars  were  exceptionally  smooth;  and 
concrete  beams  reinforced  ^ith  these  bars  failed  generally  on  account 
of  the  slipping  of  the  bars.  Special  tests  to  determine  the  bond 
resistance,  showed  that  it  was  far  lower  than  the  bond  resistance  of 
ordinary'  plain  bars. 

Third:  There  is  e^'idence  to  show  that  long-continued  %'ibration, 
such  as  is  experienced  in  many  kinds  of  factor)'  buildings,  etc.,  will 
destrov  the  adhesion  diirlnar  a  Deriod  of  vears.  Some  failures  of 
buildings  and  structures  which  were  erected  several  years  ago,  and 
which  were  long  considered  perfectly  satisfactory-,  can  hardly  be 
explained  on  any  other  hypothesis.  Owing  to  the  fact  that  there  are 
comparatively  few  reinforced  concrete  stnictures  which  have  been 
built  for  a  verv  long  period  of  years,  positive  information  as  to  the 
durability  and  permanency  of  adhesion  is  lacking.  It  must  be  con- 
ceded, however,  that  comparative  tests  of  the  bond  between  concrete 
and  steel  when  the  bars  are  plain  and  when  they  are  deformed  (the 
tests  being  made  within  a  few  weeks  or  nlonths  after  the  concrete  is 
made),  have  comparatively  little  value  as  an  indication  of  what  that 
bond  will  be  under  some  of  the  adverse  circumstances  mentioned 
above,  which  are  perpetually  occurring  in  practice.  Xon-partisan 
tests  have  shown  that,  even  under  conditions  which  are  most  favorable 
to  the  plain  bars,  the  deformed  bars  have  an  actual  hold  in  the  con- 
crete which  is  from  50  to  100  per  cent  greater  than  that  of  plain  bars. 
It  is  unquestionable  that  age  \\-ill  increase  rather  than  diminish  the 
relative  inferiority  of  plain  bars. 
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Computation  of  the  Bond  Required  in  Bars.  From  Equation  1 1 
we  liave  the  formula  that  the  resisting  moment  at  any  point  in  the 
beam  equals  the  area  of  the  steel,  times  the  unit  tensile  stress  in  the 
steel,  times  the  distance  from  the  steel  to  the  centroid  of  compression 
of  the  steel,  which  is  the  distance  d-  x.  We  may  compute  the 
moment  in  the  beam  at  two  points  at  a  unit  distance  apart.  The 
area  of  the  steel  is  the  same  in  each  equation,  and  d  -  x  \s  sub- 
stantially the  same  in  each  case;  and  therefore  the  dijjcrence  of  moment, 
divided  by  (d-x),  will  evidently  equal  the  dijjerence  in  the  unit 
stress  in  the  steel,  times  the  area  of  the  steel.  To  express  this  in  an 
equation,  we  may  say,  denoting  the  difference  in  the  moment  by 
dM,  and  the  difference  in  the  unit  stress  in  the  steel  by  ds: 


dM 

^  A  X  ds. 


{d  -  X) 

But  A  y,  ds\s  evidently  equal  to  the  actual  difference  in  tension  in  the 
steel,  measured  in  pounds.  It  is  the  amount  of  tension  which  must  be 
transferred  to  the  concrete  in  that  unit  length  of  the  beam.  But  the 
computations  of  the  difference  of  moments  at  two  sections  that  are  only 
a  unit  distance  apart,  is  a  comparatively  tedious  operation,  which, 
fortunately,  is  unnecessary.  Theoretical  mechanics  teaches  us  that 
the  difference  in  the  moment  at  two  consecutive  sections  of  the  beam 
is  measured  by  the  total  vertical  shear  in  the  beam  at  that  point.  The 
shear  is  very  easily  and  readily  computable ;  and  therefore  the  required 
amount  of  tension  to  be  transferred  from  the  steel  to  the  concrete  can 
readily  be  computed.  A  numerical  illustration  may  be  given  as 
fr/ilows:  Suppose  that  we  have  a  beam  which,  with  its  load,  weighs 
20,000  pounds,  on  a  span  of  20  feet.  Using  ultimate  values,  for  which 
we  multiply  the  loading  by  4,  we  have  an  ultimate  loading  of  80,000 
pounds.     Therefore, 

M„  =  n^  =   ■^Q'QQQ  X  ^-^^  =  2,400,000. 
8  o 

Using  the  constants  previously  chosen  for  1:3:6  concrete,  and  there- 
fore utilizing  liquation  13,  we  have  this  moment  equal  to  397  hd\ 
Tiierefore  hd^  =  6,045. 

If  we  assume  6  =  15  inches;  d  =  20.1  inches;  then  d  —  x  =  .86t?  = 
17.3  inches.     The  area  of  steel  equals 

A  =  .0084  h  d  =  2.53  square  inches. 
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We  know  from  the  laws  of  mechanics,  that  the  moment  diagram  for 

a  beam  which  is  uniformly  loaded  is  a  parabola,  and  that  the  ordinate 

to  this  cun^e  at  a  point  one  inch  from  the  abutment  will,  in  the  above 

case,  equal  (Hf)'  of  the  ordinate  at  the  abutment.    This  ordinate  is 

measured  by  the  maximum  moment  at  the  center,  multiplied  by  the 

t    .      /.,ox,       14,161 

factor  mfr=  jj4QQ-=  -9834;  therefore  the  actual  moment  at  a 

point  one  inch  from  the  abutment  =  (1.00  -  .9834)  =  .0168  of  the 
moment  at  the  center.     But  .0166  X  2,400,000  =  39,840. 

But  our  ultimate  loading  being  80,000  pounds,  we  know  that  the 
shear  at  a  point  in  the  middle  of  this  one-inch  length  equals  the 
shear  at  the  abutment,  minus  the  load  on  this  first  h  inch,  which  is 
TT^p  of  40,000  (or  167)  pounds.  The  shear  at  this  point  is  there- 
hre  40,000  -  167  (or  39,833)  pounds.  This  agrees  with  the  above 
value  39,840  as  closely  as  the  decimals  used  in  -our  calculations  will 
permit. 

The  value  oi  d  —  x  is  somewhat  larger  when  the  moment  is  very 
small  than  when  it  is  at  its  ultimate  value.     But  the  difference  is 
comparatively  small,  is  on  the  safe  side,  and  it  need  not  make  any 
material  difference  in  our  calculations.     Therefore,  dividing  39,840 
by  17.3,  we  have  2,303  pounds  as  the  difference  in  tension  in  the  steel 
in  the  last  inch  at  the  abutment.       Of  course  this  does  not  hterally 
mean  the  last  inch  in  the  length  of  the  beam,  since,  if  the  net  span  were 
20  feet,  the  actual  length  of  the  beam  would  be  considerably  greater. 
The  area   of  the  steel  as   computed  above  is  2.53  square  inches. 
Assuming  that  this  is  furnished  by  five  |-inch  square  bars,  the  surfaces 
of  these  five  bars  per  inch  of  length  equals  15  square  inches.     Dividing 
2,303  by  15,  we  have  153  pounds  per  square  inch  as  the  required 
adhesion  between  the  steel  and  the  concrete.     A^liile  this  is  not  greater 
than  the  adhesion  usually  found  between  concrete  and  steel,  it  is 
somev.-hat  risky  to  depend  on  this;  and  therefore  the  bars  are  usually 
bent  so  that  they  run  diagonally  upward,  and  thus  furnish  a  very 
great  increase  in  the  strength  of  the  beam,  which  prevents  the  beam 
from  failing  at  the  ends.     Tests  have  shown  that  beams  which  are 
reinforced  by  bars  only  running  through  the  lower  part  of  the  beam 
without  being  turned  up,  or  without  using  any  stirrups,  will  usually 
fail  at  the  ends,  long  before  the  transverse  moment,  which  they 
possess  at  their  center,  has  been  fully  developed. 
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Distribution  of  Vertical  Shears.  Beams  which  are  tested  to 
destruction  frequently  fail  at  the  ends  of  the  beams,  long  before  the 
transverse  strength  at  the  center  has  been  fully  developed.  Even  if 
the  bond  between  the  steel  and  the  concrete  is  amply  strong  for  the 
requirements,   the  beam  may  fail  on  account  of  the  shearing  or 

diagonal  stresses  in  the  concrete  between 
the  steel  and  the  neutral  axis.  The  stu- 
dent must  accept  without  proof  some  of 
the  following  statements  regarding  the 
distribution  of  the  shear. 

The  intensity  of  the  shear  at  various 
points  in  the  height  of  the  beam,  may  be 
represented  by  the  diagram  in  Fig.  43. 
If  we  ignore  the  tension  in  the  concrete 
due  to  transverse  bending,  the  shear  will 
be  uniform  between  the  steel  and  the  neu- 
tral axis.  Above  the  neutral  axis,  the 
shear  will  diminish  toward  the  top  of 
the  beam,  the  curve  being  parabolic. 

If  the  distribution  of  the  shear  were  uniform  throughout  the 
section,  w^e  might  say  that  the  shear  per  square  inch  would  equal 
V  ^  hd.  It  may  be  proved  that  v,  the  intensity  of  the  vertical  shear 
per  square  inch,  is 


Fig.  43. 


.(15) 


b  {d  -  x) 

In  the  above  case,  the  ultimate  total  shear  V  in  the  last  inch  at 
the  end  of  the  beam,  is  39,840  pounds.     Then, 

V  =  ,-(.-   "i„^  =  153.5  pounds  per  square  inch. 

The  agreement  of  this  numerical  value  of  the  unit  intensity  of  the 
vertical  shear  with  the  required  bond  between  the  concrete  and  the 
steel,  is  due  to  the  accidental  agreement  of  the  width  of  the  beam 
(15  inches)  with  the  superficial  area  of  the  bars  per  inch  of  length  of 
the  beam  (15  square  inches).  If  other  bars  of  the  same  cross-sec- 
timal  area,  but  with  greater  or  less  superficial  surface,  had  been 
"selected  for  the  reinforcement,  even  this  accidental  agret'^ncut  would 
Aot  have  been  found. 
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The  actual  strength  of  concrete  in  shear  is  usually  far  greater 
than  this.  The  failure  of  beams,  which  fail  at  the  ends  when  loaded 
with  loads  far  within  their  capacity  for  transverse  strength,  is  generally 
due  to  the  sccomlarij  stresses.  The  computation  of  these  stresses  is  a 
complicated  problem  in  Mechanics;  but  it  may  be  proved  that  if  we 
ignore  the  tension  in  the  concrete  due  to  bending  stresses,  the  diagonal 
tension  per  unit  of  area  equals  the  vertical  shear  per  unit  of  area  (i'). 
But  concrete  nvhich  may  stand  a  shearing  stress  of  1,000  pounds  per 
square  inch  will  probably  fail  under  a  direct  tension  of  200  pounds  per 
square  inch.  The  diagonal  stress  has  the  nature  of  a  direct  tension. 
In  the  above  case  the  beam  probably  would  not  fail  by  this  method  of 
failure,  smce  concrete  can  usually  stand  a  tension  up  to  200  pounds 
per  square  inch;  but  such  beams,  when  they  are  not  diagonally 
reinforced,  frequently  fail  in  that  way  before  their  ultimate  loads  are 
reached. 

Methods  of  Guarding  against  Failure  by  Shear  or  Diagonal 
Tension.  The  failure  of  a  beam  bv  actual  shear  is  almost  mikno\Mi. 
The  failures  usually  ascribed  to  shear  are  generally  caused  bv  diagonal 
tension.  A  solution  of  the  ver\'  simple  equation  (15)  will  indicate 
the  intensity  of  the  vertical  shear. 

The  relation  of  crushing  strength  to  shearing  strength  is  expressed 
by  the  equation : 


Unit  shearing  strength  z  = 


C 


2  tan  d' 


in  which  z  is  the  unit  shearing  strength,  and  0  is  the  angle  of  rupture 
under  direct  compression.  This  angle  is  usually  considered  to  be 
60^;  for  such  a  value  the  shearing  strength  would  equal  c'  -^  3.4G4. 
^^hen  9  =  45°,  the  shearing  strength  would  equal  one-half  of  the 
crusliing  strength,  and  this  agrees  very  closely  with  the  results  of 
tests  made  by  Professor  Spofford.  But  the  shearing  strength  is  con- 
sidered to  be  a  far  less  reliable  quantity  than  the  crushing  strength; 
and  therefore  dependence  is  not  placed  on  shear,  even  for  ultimate 
loading,  to  a  greater  value  than  about  one-half  of  the  above  value;  or, 


Unit  shearing  strength  2  =  c'  -h  6.92S. 


Usually  the  unit  intensity  of  the  vertical  shear  (even  for  ultimate 
loads)  is  less  than  this.  But  this  ignores  the  assistance  furnished  by 
the  bars.     Actual  failure  would  require  that  the  bars  must  crush  the 
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concrete  under  them.  When,  as  is  usual,  there  are  bars  passing 
obHfjuely  through  the  section,  a  considerable  portion  of  the  shear  is 
carried  by  direct  tension  in  the  bars. 

It  seems  impracticable  to  develop  a  rational  formula  for  the 
amount  of  assistance  furnished  by  these  diagonal  bars,  unless  we 
make  assumptions  which  are  doubtful  and  which  therefore  vitiate 
the  reliability  of  the  whole  calculation.  Therefore  the  "rules" 
which  have  been  suggested  for  a  prevention  of  this  form  of  failure 
are  Avholly  empirical.  Mr.  E.  L.  Ransome  uses  a  rule  for  spacing 
vertical  "stirrups,"  made  of  wires  or  |-inch  rods;  as  follows: 

The  first  stirrup  is  placed  at  a  distance  from  the  end  of  the  beam 
equal  to  one-fourth  the  depth  of  the  beam ;  the  second  is  at  a  distance 
of  one-half  the  depth  beyond  the  first  stirrup;  the  third,  three-fourdis 
of  the  depth  beyond  the  second ;  and  the  fourth,  a  distance  equal  to 
the  depth  of  the  beam  beyond  the  third.  This  empirical  rule  agrees 
with  the  theory,  in  the  respect  that  the  stirrups  are  closer  at  the  ends 
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Fig.  44. 

of  the  beam,  where  the  shear  is  greatest.  The  four  stirrups  extend 
for  a  distance  from  the  end  equal  to  2.V  times  the  depth  of  the  beam. 
Usually  this  is  a  sufficient  distance;  but  some  "systems"  use  stirrups 
throughout  the  length  of  the  beam.  On  very  short  beams,  the  shear 
changes  so  rapidly  that  at  1\  times  the  depth  from  the  end  of  die 
beam  the  shear  is  not  generally  so  great  as  to  produce  dangerous 
stresses.  With  a  very  long  beam,  the  change  in  the  shear  is  corre- 
spondingly more  gradual;  and  it  is  possible  that  stirrups  or  some 
other  device  must  be  used  for  a  greater  actual  distance  from  the  end, 
although  for  a  less  proportional  distance. 

When  the  diagonal  reinforcement  is  accomplished  by  bending 
up  the  bars  at  an  angle  of  about  45°,  the  bending  should  be  done  so 
that  there  is  at  all  sections  a  sufficient  area  of  steel  in  the  lower  part 
of  the  bar  to  withstand  the  transverse  moment  at  that  section.  As 
fast  as  the  bars  can  be  spared  from  the  bottom  of  the  beam,  they 
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may  be  turned  up  diagonally  so  that  there  are  at  every  section  of  the 
beam  one  or  more  bars  which  would  be  cut  diagonally  by  such  a 
section.  On  this  account  it  is  far  better  to  use  a  larger  number  of 
bars,  than  a  smaller  number  of  the  same  area.  For  example,  if  it 
were  required  that  there  shall  be  2.25  square  inches  of  steel  for  the 
section  at  the  middle  of  the  beam,  it  would  be  far  better  to  use  nine 
^-inch  bars  than  four  f-inch  bars.  In  either  case,  the  steel  has  the 
same  area  and  the  same  weight.  The  nine  j-inch  bars  give  a  much 
better  distribution  of  the  metal.  The  superficial  area  of  the  nine 
^-inch  bars  is  18  square  inches  per  linear  inch  of  the  beam,  while  the 
area  of  the  four  f-inch  bars  is  only  12  square  inches  per  inch  of  length. 
But  an  even  greater  advantage  is  furnished  by  the  fact  that  we  have 
nine  bars  instead  of  four,  which  may  be  bent  upward  (and  bent  more 
easily  than  the  f-inch  bars)  as  fast  as  they  can  be  spared  from  the 
bottom  of  the  beam.  In  this  way  the  shear  near  the  end  of  the  beam 
may  be  much  more  effectually  and  easily  provided  for. 

Since  the  shear  is  greatest  at  the  ends  of  the  beam,  more  bars 
should  be  reserv^ed  for  turning  up  near  the  ends.    For  example,  in  the 
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above  case  of  the  nine  bars,  one  or  two  bars  might  be  turned  up  at 
about  the  quarter-points  of  the  beam.  One  or  two  more  might  be 
turned  up  at  a  distance  equal  to,  or  a  little  less  than,  the  depth  of  the 
beam  from  the  quarter-points  toward  the  abutments.  Others  would 
be  turned  up  at  intermediate  points;  at  the  abutments  there  should 
be  at  least  two,  or  perhaps  three,  diagonal  bars,  to  take  up  the  maxi- 
mum shear  near  the  abutments.  This  is  illustrated,  although  without 
definite  calculations,  in  Fig.  45. 

Detailed  Design  of  a  Plain  Beam.  This  will  be  illustrated  by  a 
numerical  example.  A  beam  having  a  span  of  18  feet  supports  one 
side  of  a  6-inch  slab  8  feet  wide  which  carries  a  live  load  of  200 
pounds  per  square  foot.  In  addition,  a  special  piece  of  machinery, 
weighing  2,400  pounds,  is  located  On  the  slab  so  near  the  middle  of 
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the  beam  that  we  shall  consider  it  to  be  a  concentrated  load  at  the 
center  of  the  beam.  The  floor  area  carried  by  the  beam  is  18  feet  by 
4  feet  =  72  square  feet.  Adding  3  inches  to  the  6  inches  thickness 
of  the  slab  as  an  allowance  for  the  weight  of  the  lieam,  we  have 
9X12=  108  pounds  per  square  foot  for  the  dead  weight  of  the  floor. 
With  a  factor  of  2  for  dead  load,  this  equals  216.  Using  a  factof-  of 
4  on  the  live  load  (200),  we  have  800  pounds  per  scjuare  foot.  Then 
the  ultimate  load  on  the  beam,  due  to  these  sources,  is  (216  +  800) 
72  =  73,152  pounds.  So  far  as  its  effect  on  moment  is  concerned, 
the  concentrated  load  of  2,400  pounds  at  the  center  would  have  the 
same  effect  as  4,800  pounds  uniformly  distributed.  As  it  is  a  piece  of 
vibrating  machinery,  we  shall  use  a  factor  of  six  (6),  and  thus  have 
an  ultimate  efi'ect  of  6  X  4,800  ^  28,800  pounds.  Adding  this  to 
73,152,  we  have  101,952  pounds  as  the  equivalent,  ultimate,  uniformly 
distributed  load.     Then 

M^  =  ^  n^  Z  =  i  X  101,952  X  216  =  2,752,704. 

In  order  to  reduce  as  much  as  possible  the  size  and  weight  of  this  beam, 
we  shall  use  1:2:4  concrete,  and  therefore  apply  Equation  14: 

2,752,704  =  565  b  (P; 
bd?  =  4,872. 

If  6  =    16  inches;  (P  =  304.5,  and  d  =  17.5  inches. 

A  still  better  combination  would  be  a  deeper  and  narrower  beam 
with  h  =  12  inches,  and  d  =  20.15  inches.  AVith  this  combination, 
the  recjuired  area  of  the  steel  will  equal 

A  =  .0121  M  =  .0121  X  12  X  20.15  =  2.93  square  inches. 

This  can  be  supplied  by  eight  bars  f  inch  square. 

The  total  ultimate  load  as  determined  above,  is  101,952  pounds. 
One-half  of  this  gives  the  maximum  shear  at  the  ends,  or  50,976 
pounds.  Applying  Equation  15,  we  have,  since  d  —  x  ^  .85  d  =  17 
inches 

V  50.796 

V  =  .  . .  _ — .  =  ^o  w  -ij  =  249  pounds  per  square  inch. 

As  already  discussed  in  previous  cases,  the  ends  of  the  beam  must 
be  reinforced  against  diagonal  tension,  since  the  above  value  of  v  is 
too  great,  even  as  an  ultimate  value,  for  such  stress.  Therefore  the 
ends  of  the  beam  must  be  reinforced  by  turning  the  bars  up,  or  by  the 
use  of  stirrups.     The  beam  must  therefore  be  reinforced  about  as 
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shown  in  Fig.  46.  Although  the  concentrated  center  load  in  this  case 
is  comparatively  too  small. to  require  any  change  in  the  desifm,  it 
should  not  be  forgotten  that  a  concentrated  load  mmj  cause  the  shear 
to  change  so  rapidly  that  it  might  require  special  provision  for  it  in 
the  center  of  the  beam,  where  there  is  ordinarily  no  reinforcement 
which  will  assist  shearing  stresses. 

Effect  of  Quality  of  Steel.  There  is  one  very  radical  difference 
between  the  behavior  of  a  concrete-steel  structure  and  that  of  a 
structure  composed  entirely  of  steel,  such  as  a  truss  bridge.  A  truss 
bridge  may  be  overloaded  with  a  load  which  momentarily  passes  the 
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elastic  limit,  and  yet  the  bridge  will  not  necessarily  fail  nor  cause  the 
truss  to  be  so  injured  that  it  is  useless  and  must  be  immediately 
replaced.  The  truss  might  sag  a  little,  but  no  immediate  failure  is 
imminent.  On  this  account,  the  factor  of  safety  on  truss  bridges  is 
usually  computed  on  the  basis  of  the  ultimate  strength. 

A  concrete-steel  structure  acts  very  differently.  As  has  already 
been  explained,  the  intimate  union  of  the  concrete  and  the  steel  at 
all  points  along  the  length  of  the  bar  (and  not  merely  at  the  ends), 
is  an  absolute  essential  for  stability.  If  the  elastic  limit  of  the  steel 
has  been  exceeded  owing  to  an  overload,  then  the  union  between  the 
concrete  and  the  steel  has  unquestionably  been  destroyed,  provided 
that  union  depends  on  mere  adhesion.  Even  if  that  union  is  assisted 
by  a  mechanical  bond,  the  distortion  of  the  steel  has  broken  that  bond 
to  some  extent,  although  it  will  still  require  a  very  considerable  force 
to  pull  the  bar  through  the  concrete.  It  is  therefore  necessary  that 
the  elastic  limit  of  the  steel  should  be  considered  the  virtual  ultimate 
so  far  as  the  strength  of  the  steel  is  concerned.     It  is  accordingly  con- 
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sidcred  cadvisable,  as  already  (>xplaincd,  to  multiply  all  working 
loarls  by  the  tlesired  factor  of  safety  (usually  taken  as  4),  and  then  to 
proportion  the  steel  and  concrete  so  that  such  an  ultimate  load  will 
produce  crushing  in  the  upper  fiber  of  the  concrete,  and  at  the  same 
time  will  stress  the  steel  to  its  elastic  limit.  On  this  basis,  economy 
in  the  use  of  steel  requires  that  the  elastic  limit  should  be  made  as  higli 
as  possible. 

Tiu'  manufacture  of  steel  of  very  high  elastic  limit  requires  the 
use  of  a  comparatively  large  proportion  of  carbon,  which  may  make 
the  steel  objectionably  brittle.  The  steel  for  this  purpose  must 
therefore  avoid  the  two  extremes — on  the  one  hand,  of  being  brittle; 
and  on  the  other,  of  being  so  soft  that  its  elastic  limit  is  very  low. 

Several  years  ago,  bridge  engineers  thought  that  a  great  economy 
in  bridge  construction  was  possible  by  using  very  high  carbon  steel, 
which  has  not  only  a  high  elastic  limit  but  also  a  correspondingly  high 
ultimate  tensile  strength.  But  the  consh-uction  of  such  bridges  re- 
quires that  the  material  shall  be  punched,  forged,  and  otherwise 
handled  in  a  way  that  will  very  severely  test  its  strength  and  perhaps 
cause  failure  on  account  of  its  brittleness.  The  stresses  in  a  concrete- 
steel  structure  are  very  different.  The  steel  is  never' punched ;  the 
individual  bars  are  never  subjected  to  transverse  bending  a]ier  being 
placed  in  the  concrete.  The  direct  shearing  stresses  are  insignificant. 
The  main  use,  and  almost  the  only  use,  of  the  steel,  is  to  withstand  a 
direct  tension;  and  on  this  account  a  considerably  harder  steel  may 
be  used  than  is  usually  considered  advisable  for  steel  trusses. 

If  the  structure  is  to  be  subject  to  excessive  impact,  a  somewhat 
softer  steel  will  be  advisable;  but  even  in  such  a  case,  it  should  be 
remembered  that  the  mere  weight  of  the  structure  will  make  the  effect 
of  the  shock  far  less  than  it  would  be  on  a  skeleton  structure  of  plain 
steel.  The  steel  ordinarily  used  in  bridge  work,  generally  has  an 
elastic  limit  of  from  30,000  to  35,000.  If  we  use  even  33,000  pounds 
as  the  value  for  s  on  the  basis  of  ultimate  loading,  we  shall  find  that 
the  required  percentage  of  steel  is  very  high.  On  the  other  hand, 
if  we  use  a  grade  of  steel  in  which  the  carbon  is  somewhat  higher, 
having  an  ultimate  strength  of  about  90,000  to  100,000  pounds  per 
square  inch,  and  an  elastic  limit  of  55,000  pounds  per  square  inch, 
the  required  percentage  of  steel  is  much  lower. 
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A  study  of  E{|uati();i  10  will  show  that  for  any  one  kind  of  con- 
crete the  percentage  of  steel  increases  even  faster  than  the  value  of  s 
diminishes — which  means,  for  example,  that  if  s  is  diminished  50  per 
cent,  p  is  more  than  doubled.  Notwithstanding  this  incontrovertible 
fact,  some  engineers  insist  on  using  a  low  percentage  of  soft  steel, 
apparently  ignoring  the  fact  that  the  elastic  limit  of  the  steel  will  be 
reached,  and  the  structure  will  fail,  long  before  the  full  strength  of 
the  concrete  has  been  developed.  There  is,  of  course,  no  harm  in 
using  soft  steel,  provided  a  sufficient  percentage  of  steel  is  used;  but 
it  should  be  remembered  that  formulaj  developed  on  the  basis  of  high 
elastic  limit  (or  a  high  value  of  s)  must  not  be  used  for  soft  steel.  It 
will  not  even  be  correct  to  say  that,  because  the  ultimate  breaking 
strength  of  soft  steel  is  60,000  pounds,  we  may  employ  formulae  with 
*  =  55,000.  Such  formulae  are  derived  on  the  basis  that  the  concrete 
reaches  its  ultimate  compression  (say  2,000  pounds)  when  the  stress 
in  the  steel  is  55,000.  But  since  the  soft  steel  cannot  exceed  30,000 
pounds  without  virtual  failure,  on  account  of  the  rupture  of  the  bond 
between  the  steel  and  the  concrete,  the  stress  in  the  concrete  will  never 
reach  2,000  pounds,  nor  can  it  approach  relatively  as  near  2,000  pounds 
as  the  steel  approaches  to  30,000  pounds. 

All  general  equations  previous  to  Equation  13  are  perfectly 
general,  except  that  in  some  cases  q  is  limited  to  the  value  §.  The 
later  equations  have,  for  simplicity,  been  worked  on  the  uniform  basis 
of  steel  having  an  elastic  limit,  which  is  its  virtual  ultimate,  of  55,000 
pounds,  and  a  modulus  of  elasticity  of  29,000,000.  The  subsequent 
tables  have  also  further  limited  the  concrete  to  that  with  an  ultimate 
compression  (c')  of  2,000  pounds,  and  an  initial  modulus  of  elasticity 
(£e)  of  2,400,000.  Other  equations,  similar  to  13  and  14 — and  other 
tables,  similar  to  IX  to  XIV — may  be  similarly  computed  for  other 
ultimate  tensions  in  steel  and  other  grades  of  concrete;  but  the 
engineer  should  be  scrupulously  careful  about  using  any  equations 
or  tables  except  for  the  grades  of  steel  and  concrete  for  which  they  have 
been  computed.  When  other  grades  of  steel  and  concrete  are  to  be 
used,  the  equations  must  be  suitably  modified.  This  can  readily  be 
done  by  deriving  equations,  similar  to  Equations  13,  14,  and  the  later 
equations,  from  the  general  equations  1  to  12. 

Slabs  on  I-3eams.  There  are  still  many  engineers  who  will  not 
adopt  reinforced  concrete  for  the  skeleton  structure  of  buildings,  but 
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who  construct  tlie  frames  of  their  buikHiigs  of  steel,  using  steel  I-beams 
for  floor  girders  and  beams,  and  then  connect  the  beams  with  concrete 
floor  slabs.  These  are  usually  computed  on  the  basis  of  transverse 
beams  which  are  free  at  the  ends,  instead  of  considering  them  as 
"continuous  beams,"  which  will  add  about  50  per  cent  to  their  strength. 
Since  it  would  be  necessary  to  move  the  reinforcing  steel  from  the 
lower  part  to  the  upper  part  of  the  slab  when  passing  over  the  floor 
beams,  in  order  to  develop  the  additional  strength  winch  is  theoreti- 
cally possible  with  continuous  beams,  and  since  this  is  not  usually 
done,  it  is  by  far  the  safest  practice  to  consider  all  floor  slabs  as  being 
"free-ended."  The  additional  strength  which  they  undoubtedly  have 
to  some  extent  because  they  are  continuous  over  the  beams,  merely 
adds  indefinitely  to  the  factor  of  safety.  Usually  the  requirement 
that  the  I-beams  shall  be  "fireproofed,"  by  surrounding  the  beam 
itself  with  a  layer  of  concrete  such  that  the  outer  surface  is  at  least 
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2  inches  from  the  nearest  point  of  the  steel  beam,  results  in  having 
a  shoulder  of  concrete  under  the  end  of  each  slab,  which  quite  mater- 
ially adds  to  its  structural  strength.  But  usually  no  allowance  is 
made;  nor  is  there  any  reduction  in  the  thickness  of  the  slab  on  account 
of  this  added  strength.  In  this  case  also,  the  factor  of  safety  is  again 
indefinitely  increased.  The  fireproofing  around  the  beam  must 
usually  be  kept  in  place  by  wrapping  a  small  sheet  of  expanded  metal 
or  wire  lath  around  the  lower  part  of  the  beam  before  the  concrete 
is  placed. 

Slabs  Reinforced  in  Both  Directions.  When  the  floor  beams  of 
a  floor  are  spaced  nearly  equally  in  both  directions,  so  as  to  form, 
between  the  beams,  panels  which  are  nearly  square,  a  material  saving 
can  be  made  in  the  thickness  of  the  slab  by  reinforcing  it  with  bars 
running   in   both   directions.     The   theoretical    computation  of   the 
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strength  of  such  slabs  is  exceedhigly  complicated.  It  is  usually  con- 
sidered that  such  slabs  have  twice  the  strength  of  a  slab  supported 
only  on  two  sides  and  reinforced  with  bars  in  but  one  direction.  The 
usual  method  of  computing  such  slabs  is  to  compute  the  slab  thickness, 
and  the  spacing  and  size  of  the  reinforcing  steel  for  a  slab  which  is  to 
carry  one-half  of  the  actual  load.  Strictly  speaking,  the  slab  should 
be  thicker  by  the  thickness  of  one  set  of  reinforcing  bars. 

Reinforcement  against  Temperature  Cracks.  The  modulus  of 
elasticity  of  ordinary  concrete  is  approximately  2,400,000  pounds  per 
square  inch,  while  its  ultimate  tensional  strength  is  about  200  pounds 

per  square  inch.     Therefore  a  pull  of  about  „^   of  the  length 

would  nearly,  if  not  quite,  rupture  the  concrete.  The  coefficient  of 
expansion  of  concrete  has  been  found  to  be  almost  identical  with-  that 
of  steel,  or  .0000065  for  each  degree  Fahrenheit.  Therefore,  if  a 
blo.?k  of  concrete  were  held  at  the  ends  with  absolute  rigidity,  while 
its  temperature  were  lowered  about  12  degrees,  the  stress  developed 
in  the  concrete  would  be  very  nearly,  if  not  quite,-  at  the  rupture  point. 
Fortunately  the  ends  will  not  usually  be  held  with  such  rigidity;  but 
nevertheless  it  does  generally  happen  that,  unless  the  entire  mass  of 
concrete  is  permitted  to  expand  and  contract  freely  so  that  the  tem- 
perature stresses  are  small,  the  stresses  will  usually  localize  themselves 
at  the  weak  point  of  the  cross-section,  wherever  it  may  be,  and  will 
there  develop  a  crack,  provided  the  concrete  is  not  reinforced  with 
steel.  If,  however,  steel  is  well  distributed  throughout  the  cross- 
section  of  the  concrete,  it  will  prevent  the  concentration  of  the  stresses 
at  local  points,  and  will  distribute  it  uniformly  throughout  the  mass. 
Reinforced  concrete  structures  are  usually  provided  with  bars 
running  in  all  directions,  so  that  temperature  cracks  are  prevented 
by  the  presence  of  such  bars,  and  it  is  generally  unnecessary  to  make 
any  special  provision  against  such  cracks.  The  most  common 
exception  to  this  statement  occurs  in  floor  sbb^,  wbich  structurally 
require  bars  in  only  one  direction.  It  is  found  that  cra:ks  parallel 
with  the  bars  which  reinforce  the  slab  will  be  prevented  if  a  few  bars 
are  laid  perpendicularly  to  the  direction  of  the  main  reinforcing  bars. 
Usually  i-inch  or  |-inch  bars,  spaced  about  2  feet  apart,  will  be 
sufficient  to  prevent  such  cracks. 
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Retaining  walls,  the  balustrades  of  bridges,  and  other  similar 
structures,  which  may  not  need  any  bars  for  purely  structural 
reasons,  should  l)c  provided  with  such  bars  in  order  to  prevent 
temperature  cracks.  A  theoretical  determination  of  the  amount  of 
such  reinforcing  steel  is  practically  impossible  since  it  depends  on 
assumptions  which  are  themselves  very  doubtful.  It  is  usually  con- 
ceded that  if  there  is  placed  in, the  concrete  an  amount  of  steel  whose 
cross-sectional  area  equals  about  J  of  1  per  cent  of  the  area  of  the 
concrete,  the  structure  will  be  proof  against  such  cracks.  Fortunately, 
this  amount  of  steel  is  so  small  that  any  great  refinement  in  its  deter- 
mination is  of  little  importance.  Also,  since  such  bars  have  their 
value  in  tying  the  structure  together  and  thus  adding  somewhat  to  its 
strength  and  ability  to  resist  disintegration  owing  to  vibrations,  the 
bars  are  usually  worth  what  they  cost. 

TANKS 

Design.  Tlie  extreme  durability  of  reinforced  concrete  tanks, 
and  their  immunity  from  deterioration  by  rust,  which  so  quickly 
destroys  steel  tanks,  have  resulted  in  the  construction  of  a  large  and 
increasing  number  of  tanks  in  reinforced  concrete.  Such  tanks  must 
be  designed  to  withstand  the  bursting  pressure  of  the  water.  If  they 
are  veiy  high  compared  with  their  diameter,  it  is  even  possible  that 
failure  might  result  from  excessive  wind  pressure. 

The  method  of  designing  one  of  these  tanks  may  best  be  con- 
sidered from  an  example.  Suppose  that  it  is  required  to  design  a 
reinforced  concrete  tank  with  a  capacity  of  50,000  gallons,  v/hich 
shall  have  an  inside  diameter  of  18  feet.  At  7.48  gallons  per  cubic  foot, 
a  capacity  of  50,000  gallons  will  require  6,684  cubic  feet.  If  the  inside 
diameter  of  the  tank  is  to  be  18  feet,  then  the  18-foot  circle  will  con- 
tain an  area  of  254.5  square  feet.  The  depth  of  the  water  in  the 
tank  will  therefore  be  26.26  feet.  The  lowest  foot  of  the  tank  will 
therefore  be  subjected  to  a  bursting  pressure  due  to  25.76  vertical 
feet  of  water.  Since  the  water  pressure  per  square  foot  increases  62] 
pounds  for  each  foot  of  depth,  we  shall  have  a  total  pressure  of  1,610 
pounds  per  square  foot  on  the  lowest  foot  of  the  tank.  Since  the 
diameter  is  18  feet,  the  bursting  pressure  it  must  resist  on  each  side 
is  one-half  of  18  X  1,610  =  \  X  28,980  =  14,490  pounds.  If  we 
allow  a  working  stress  of  15,000  poimds  per  square  inch,  this  will 
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require  .966  square  inch  of  metal  in  the  lower  foot.  Since  the  bursting 
pressure  is  strictly  proportional  to  the  depth  of  the  water,  we  need 
only  divide  this  number  proportionally  to  the  depth  to  obtain  the 
bursting  pressure  at  other  depths.  For  example,  the  ring  one  foot 
high,  at  one-half  the  depth  of  the  tank,  should  have  .483  square  inch 
of  metal;  and  that  at  one-third  of  the  depth,  should  have  .322  square 
inch  of  metal.  The  actual  bars  required  for  the  lowest  foot  may  be 
figured  as  follows:  .966  square  inch  per  foot  equals  .0805  square 
inch  per  inch;  f-inch  square  bars,  having  an  area  .5625  square  inch, 
will  furnish  the  required  strength  when  spaced  7  inches  apart.  At 
one-half  the  height,  the  required  metal  per  linear  inch  of  height  is 
half  of  the  above,  or  .040.  This  could  be  provided  by  using  |-inch 
bars  spaced  14  inches  apart;  but  this  is  not  so  good  a  distribution  of 
metal  as  to  use  f-inch  square  bars  having  an  area  of  .39  -square  inch, 
and  to  space  the  bars  nearly  10  inches  apart.  It  would  give  a  still 
better  distribution  of  metal,  to  u.se  ^-inch  bars  spaced  6  inches  apart 
at  this  point,  although  the  ^-inch  bars  are  a  little  more  expensive  per 
pound,  and,  if  they  are  spaced  very  closely,  will  add  slightly  to  the 
cost  of  placing  the  steel.  The  size  and  spacing  of  bars  for  other  points 
in  the  heis^ht  can  be  similarlv  determined. 

A  circle  18  feet  in  diameter  has  a  circumference  of  somewhat 
over  56  feet.  Assuming  as  a  preliminary  figure  that  the  tank  is 
to  be  10  inches  thick  at  the  bottom,  the  mean  diameter  of  the 
base  ring  would  be  18.83  feet,  which  would  give  a  circumference 
of  over  59  feet.  Allowing  a  lap  of  3  feet  on  the  bars,  this  would 
require  that  the  bars  should  be  about  62  feet  long.  Although  it  is 
possible  to  have  bars  rolled  of  this  length,  they  are  very  difficult  to 
handle,  and  require  to  be  transported  on  the  railroads  on  tu-o  flat  cars. 
It  is  therefore  preferable  to  use  bars  of  slightly  more  than  half  this 
length,  and  to  make  two  joints  in  each  band. 

The  bands  which  are  used  for  ordinary  wooden  tanks  are  usually 
fastened  at  the  ends  by  turn-buckles.  Some  such  method  is  necessary 
for  the  bands  of  concrete  tanks,  provided  the  bands  are  made  of  plain 
bars.  Deformed  bars  have  a  great  advantage  in  such  work,  owing  to 
the  fact  that,  if  the  bars  are  over-lapped  from  18  inches  to  3  feet, 
according  to  their  size,  and  are  then  wired  together,  it  will  recjuire  a 
greater  force  than  the  strength  of  the  bar  to  pull  the  joints  apart  after 
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they  are  once  thoroughly  incased  in  the  concrete  and  the  concrete 
has  hardened. 

Test  for  Overturning.  Since  the  computed  depth  of  the  watei  is 
over  26  feet,  we  must  calculate  that  the  tank  will  be,  say,  28  feet  high. 
Its  outer  diameter  will  be  approximately  20  feet.  The  total  area 
exposed  to  the  surface  of  the  wind,  will  be  500  square  feet.  We  may 
assume  that  the  wind  has  an  average  pressure  of  50  pounds  per  square 
foot;  but  owing  to  the  circular  form  of  the  tank,  we  shall  assume  that 
its  effective  pressure  is  only  one-half  of  this;  and  therefore  we  may 
figure  that  the  total  overturning  pressure  of  the  wind  equals  5G0  X  25 
=  14,000  pounds.  If  this  is  considered  to  be  applied  at  a  point  14 
feet  above  the  ground,  we  have  an  overturning  moment  of  196,000 
foot-pounds,  or  2,352,000  inch-pounds.  Using  a  factor  of  4  on  this, 
we  may  consider  this  as  an  ultimate  moment  of  9,408,000  inch-pounds. 

Althoudi  it  is  not  strictlv  accurate  to  consider  the  moment  of 
inertia  of  this  circular  section  of  the  tank  as  it  would  be  done  if  it  were 
a  strictly  homogeneous  material,  since  the  neutral  axis,  instead  of 
being  at  the  center  of  the  section,  will  be  nearer  to  the  compression 
side  of  the  section,  our  simplest  method  of  making  such  a  calculation 
is  to  assume  that  the  simple  theory  applies,  and  then  to  use  a  generous 
factor  of  safety.  The  effect  of  shifting  the  neutral  axis  from  the 
center  toward  the  compression  side,  will  be  to  increase  the  unit  com- 
pression on  the  concrete,  and  reduce  the  unit  tension  in  the  steel;  but, 
as  will  be  seen,  it  is  generally  necessary  to  make  the  concrete  so  thick 
that  its  unit  compressive  stress  is  at  a  very  safe  figure,  while  the 
reduction  of  the  unit  tension  in  the  steel  is  merely  on  the  side  of  safety. 

Applying  the  usual  theory,  we  have,  for  the  moment  of  inertia  of 
a  ring  section,  .049  {d^*  —  d*).  Let  us  assume  as  a  preliminary 
figure  that  the  wall  of  the  tank  is  10  inches  thick  at  the  bottom. 
Its  outside  diameter  is  therefore  18  feet  +  twice  10  inches,  or  236 
inches.  The  moment  of  inertia  /  =  .049  (236^  -  216^)  =  45,337,842 
biciuadratic  inches.  Calling  c  the  unit  compression,  we  have,  as 
the  ultimate  moment  due  to  wind  ])ressure: 

C'  I  C'  X  45,337,842         ^   ,,,o  nnn  •      .  ^ 

.1/  =  -—7,  =  jhi — — ■  =  9,408,000  inch-pounds, 

in  which  \  d^  =  118  inches. 

Solving  the  above  equation  for  c,  we  have  c  equals  a  fraction 
less  than  25  pounds  per  stpiare  inch.     This  pressure  is  so  utterly 
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insignificant,  that,  even  if  we  double  or  treble  it  to  allow  for  the  shift- 
ing of  the  neutral  axis  from  the  center,  and  also  double  or  treble  the 
allowance  made  for  wind  pressure,  although  the  pressure  chosen  is 
usually  considered  ample,  we  shall  still  find  that  there  is  practically 
no  danger  that  the  tank  will  fail  owing  to  a  crushing  of  the  concrete 
due  to  wind  pressure. 

The  above  method  of  computation  has  its  value  in  estimating 
the  amount  of  steel  required  for  vertical  reinforcement.  On  the  basis 
of  25  pounds  per  square  inch,  a  sector  with  an  average  width  of  1  inch 
and  a  diametral  thickness  of  10  inches  would  sustain  a  compression 
of  about  250  pounds.  Since  we  have  been  figuring  ultimate  stresses, 
we  shall  figure  an  ultimate  tension  of,  say,  55,000  pounds  per  square 

250 
inch  in  the  steel.     This  tension  would  therefore  require = 

^         55,000 
.0045  square  inch  of  metal  per  inch  of  width.     Even  if  |-inch  bars  were 
used  for  the  vertical  reinforcement,  they  would  need  to  be  spaced  only 
about  14  inches  apart.     This,  however,  is  on  the  basis  that  the  neutral 
axis  is  at  the  center  of  the  section,  which  is  known  to  be  inaccurate. 

A  theoretical  demonstration  of  the  position  of  the  neutral  axis 
for  such  a  section,  is  so  exceedingly  complicated  that  it  w411  not  be 
considered  here.  The  theoretical  amount  of  steel  required  is  alwavs 
less  than  that  computed  by  the  above  approximate  method,  but  the 
necessity  for  preventing  cracks,  which  would  cause  leakage,  would 
demand  more  vertical  reinforcement  than  would  be  required  by  wind 
pressure  alone. 

Practical  Details  of  the  Above  Design.  It  was  assumed  as  an 
approximate  figure,  that  the  thickness  of  the  concrete  side  wall  at  the 
base  of  the  tank  should  be  10  inches.  The  calculations  have  shown 
that,  so  far  as  wind  pressure  is  concerned,  such  a  thickness  is  very 
much  greater  than  is  required  for  this  purpose;  but  it  will  not  do  to 
reduce  the  thickness  in  accordance  with  the  apparent  requirements 
for  wind  pressure.  Although  the  thickness  at  the  bottom  might  be 
reduced  below  10  inches,  it  probably  would  not  be  wise  to  do  so. 
It  may,  however,  be  tapered  slightly  towards  the  top,  so  that  at  the 
top  the  thickness  will  not  be  greater  than  6  inches,  or  perhaps  even 
5  inches.  The  vertical  bars  in  the  lower  part  of  the  side  wall  must  be 
bent  so  as  to  run  into  the  base  slab  of  the  tank.  This  will  bind  the 
side  wall  to  the  bottom.    The  necessity  for  reinforcement  in  the  bot- 
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torn  of  the  tank  depends  very  largely  upon  the  nature  of  the  founda- 
tion, and  also  to  some  extent  on  the  necessity  for  providing  against 
temperature  cracks,  as  has  been  discussed  in  a  previous  section.  Even 
if  the  tank  is  placed  on  a  firm  and  absolutely  unyielding  foundation, 
some  reinforcement  should  be  used  in  the  bottom,  in  order  to  prevent 
cracks  which  might  produce  leakage.  These  bars  should  run  from 
a  point  near  the  center,  and  be  bent  upward  at  least  2  or  3  feet  into 
the  vertical  wall.  Sometimes  a  gridiron  of  bars  running  in  both 
directions  is  used  for  this  purpose.  This  method  is  really  preferable 
to  the  radial  method.  The  methods  of  making  tanks  water-tight 
have  already  been  discussed. 

RETAINING  WALLS 

Essential  Principles.  The  economy  of  a  retaining  wall  of  rein- 
forced concrete  lies  in  the  fact  that  by  adopting  a  skeleton  form  of 
construction  and  utilizing  the  tensional  and  transverse  strength  which 
may  be  obtained  from  reinforced  concrete,  a  wall  may  be  built,  of 
which  the  volume  of  concrete  is,  in  some  cases,  not  more  than  one- 
third  the  volume  of  a  retaining  wall  of  plain  concrete  which  would 
answer  the  same  purpose.  Although  the  cost  of  reinforced  concrete 
per  cubic  foot  will  be  somewhat  greater  than  that  of  plain  concrete, 
it  sometimes  happens  that  such  walls  can  be  constructed  for  one-half 
the  cost  of  plain  concrete  walls.  The  general  outline  of  a  reinforced 
concrete  retaining  wall  is  similar  to  the  letter  L,  the  base  of  which  is  a 
base-plate  made  as  wide  as  (and  generally  a  little  wider  than)  the 
width  usually  considered  necessary  for  a  plain  concrete  wall.  As  a 
general  rule,  the  width  of  the  base  should  be  about  one-half  the 
height.  The  face  of  the  wall  is  made  of  a  comparatively  thin  plate 
whose  thickness  is  governed  by  certain  principles,  as  explained  later. 
At  intervals  of  10  feet,  more  or  less,  the  base-plate  and  the  face  are 
connected  by  buttresses.  These  buttresses  are  very  strongly  fastened 
by  tie-bars  to  both  the  base-plate  and  the  face-plate.  The  stress  in 
the  buttresses  is  almost  exclusively  tension.  The  pressure  of  the 
earth  tends  to  force  the  face-plate  outward;  and  therefore  the  face- 
plate must  be  designed  on  the  basis  of  a  vertical  slab  subjected  to 
transverse  stresses  which  are  maximum  at  the  bottom  and  which 
reduce  to  zero  at  thq  top. 
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If  the  v.-all  is  "surcharged"  (which  means  that  the  earth  at  the 
top  of  the  wall  is  not  level,  but  runs  back  at  a  slope),  then  the  face- 
plate will  have  transverse  stresses  even  at  the  top.  The  base-plate 
is  held  down  by  the  pressure  of  the  superimposed  earth.  The 
buttresses  must  transmit  the  bursting  pressure  on  the  face  of  the  wall 
backward  and  dowTiward  to  the  base-plate.  The  base-plate  must 
therefore  be  designed  by  the  same  method  as  a  horizontal  slab  carry- 
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ing  a  load  equal  and  opposite  to  the  upward  pull  in  each  buttress. 
If  the  base-plate  extends  in  front  of  the  face  of  the  wall,  thus  forming 
an  extended  toe,  as  is  frequently  done  with  considerable  economy 
and  advantage,  even  that  toe  must  be  designed  to  withstand  trans- 
vetse  bending  at  the  wall  line,  and  also  shearing  at  that  point.  The 
application  of  these  principles  can  best  be  understood  by  an  illus- 
tration. 

Numerical  Example.     Assume  that  it  is  required  to  design  a 
retaining  wall  to  withstand  an  Ordinar}'  earthwork  pressure  of  20  feet. 
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the  earth  being  level  on  top.  We  are  at  once  confronted  with  the 
determination  of  the  actual  lateral  pressure  of  the  earthwork.  Unfor- 
tunately, this  is  an  exceedingly  uncertain  quantity,  depending  upon  the 
nature  of  the  soil,  upon  its  angle  of  repose,  and  particularly  upon  its 
condition  whether  wet  or  dry.  The  angle  of  repose  is  the  largest  angle 
with  the  horizontal  at  which  the  material  will  stand  without  sliding 
down.  A  moment's  consideration  will  show  that  this  angle  depends 
very  largely  on  the  condition  of  the  material,  whether  wet  or  dry,  etc. 
On  this  account  any  great  refinement  in  these  calculations  is  utterly 
useless. 

Assuming  that  the  back  '"•ice  of  the  wall  is  vertical,  or  practically 
so;  that  the  upper  surface  of  tne  earth  is  horizontal;  and  that  the  angle 
of  repose  of  the  material  is  30°,  the  total  pressure  of  the  wall  equals 
}  w  h^y  in  which  h  is  the  total  height  of  the  wall,  and  w  is  the  weight 
per  unit  volume  of  the  earth.  If  the  angle  of  repose  is  steeper  than 
this,  the  pressure  will  be  less.  If  the  angle  of  repose  is  less  than  tliis, 
the  fraction  J  will  be  larger,  but  the  unit  weight  of  the  material  will 
probably  be  smaller.  Assuming  the  weight  at  the  somewhat  excessive 
figure  of  96  pounds  per  cubic  foot,  we  can  then  say,  as  an  ordinary 
rule,  that  the  total  pressure  of  the  earth  on  a  vertical  strip  of  the  wall 
one  foot  wide  will  equal  16  Ji^,  in  which  h  is  the  height  of  the  wall  in  ' 
feet.  The  average  pressure,  therefore,  equals  16  h;  and  the  maxi- 
mum pressure  at  a  depth  of  h  feet  e(|uals  32  h.  Applying  this  figure 
to  our  numerical  example,  we  have  a  total  pressure  on  a  vertical 
strip  one  foot  wide,  of  16  X  20'  =  0,400  pounds.  The  pressure  at  a 
depth  of  20  feet  =  32  X  20  =  040   pounds. 

It  is  usual  to  compute  the  thickness  and  reinforcement  of  a  strip 
one  foot  wide  running  horizontally  between  two  buttresses.  Prac- 
tically the  strip  at  the  bottom  is  very  strongly  reinforced  by  the  base- 
plate, which  runs  at  right  angles  to  it;  but  if  we  design  a  strip  at  the 
bottom  of  the  wall  without  allowing  for  its  support  from  the  base- 
plate, and  then  design  all  the  strips  towards  the  top  of  the  wall  in  the 
same  proportion,  the  upper  strips  will  have  their  proper  design,  while 
the  lower  strip  merely  has  an  excess  of  strength.  We  shall  assume 
in  this  case  that  the  buttresses  are  spaced  15  feet  from  center  to  center. 
Then  the  load  on  a  horizontal  strip  of  face-plate  12  inches  high,  15 
feet  long,  and  19  feet  6  inches  from  the  top,  will  be  15  X  19.5  X  32,  or 
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9,360  pounds.  Multiplying  this  by  4,  we  have  an  ultimate  load  of 
37,440  pounds.     The  span  in  inches  equals  ISO.     Then, 

37,440  X  180 
Mo  = g ■  =  842,400  inch-pounds. 

Placing  this  equal  to  397  b  d\  in  which  6=12  inches,  we  find  that  (P 
=  176.8,  and  d  =  13.3  inches.  At  one-half  the  height  of  the  wall, 
the  moment  will  equal  one-half  of  the  above,  and  the  required  thick- 
ness d  would  be  9.4  inches.  The  actual  thickness  at  the  bottom, 
including  that  required  outside  of  the  reinforcement,  would  there- 
fore make  the  thickness  of  the  wall  about  16  inches  at  the  bottom. 
At  one-half  the  height,  the  thickness  must  be  about  12  inches.  Using 
a  uniform  taper,  this  would  mean  a  thickness  of  8  inches  at  the 
top. 

The  reinforcement  at  the  bottom  would  equal  .0084  X  13.3  = 
.112  square  inch  of  metal  per  inch  of  height.  Such  reinforcement 
could  be  obtained  by  using  f-inch  bars  spaced  5  inches  apart.  The 
reinforcement  at  the  center  of  the  height  would  be  .0084  X  9.4  =  .079 
square  inch  per  inch  of  width.  This  could  be  obtained  by  using  f- 
inch  bars  about  5  inches  apart,  or  by  using  f-inch  bars  about  7  inches 
apart.  The  selection  and  spacing  of  bars  can  thus  be  made  for  the 
entire  height.  While  there  is  no  method  of  making  a  definite  calcula- 
tion for  the  steel  required  in  a  vertical  direction,  it  may  be  advisable 
to  use  2 -inch  bars  spaced  about  18  inches  apart. 

Base-Plate.  We  shall  assume  that  the  base-plate  has  a  width 
of  one-half  the  height  of  the  wall,  or  is  10  feet  wide.  If  the  inner  face 
of  the  face-plate  is  2  feet  6  inches  from  the  toe,  the  width  of  the  base- 
plate sustaining  the  earth  pressure  is  7  feet  6  inches.  The  actual 
pressure  on  the  base-plate  is  that  due  to  the  total  weight  of  the  earth. 
The  upward  pull  on  the  buttresses  is  less  than  this,  and  is  measured 
by  the  moment  of  the  horizontal  pressure  lending  to  tip  the  wall  over. 
To  resist  this  overturning  tendency,  there  must  be  a  downward  pres- 
sure on  the  plate  whose  moment  equals  the  moment  of  the  couple 
tending  to  turn  the  wall  over.  The  pressure  on  the  wall  on  a  vertical 
strip  one  foot  wide,  as  found  above,  is  6,400  pounds,  which  has  a 
lever  arm,  about  the  center  of  the  base  of  the  face-plate,  of  6  feet  8 
inches.  The  vertical  pressure  to  resist  this  will  be  applied  at  the 
center  of  the  7-foot  6-inch  base,  or  4  feet  5  inches  from  the  center  of 


103 


04  REINFORCED  CONCRETE 

the    face-plate.     The    total    necessary    pressure    ^vill    therefore    be 

6,400X0.67         ^p.„  ,       T,,  . 

— ,  or  9,6o3  pounds.     1  his   means  an   average  pressure 

of  1,2S7  pounds  per  square  foot.  Making  a  similar  calculation  for 
this  base-plate  to  that  previously  made  for  the  face-plate,  we  find 
that  the  thickness  d  =  19.1  inches.  This  shows  that  our  base-plate 
should  have  a  total  thickness  of  about  22  inches. 

The  amount  of  steel  per  inch  of  width  of  the  slab  equals  .0084 
X  19.1  =  .160  square  inch.  This  can  be  provided  by  ^-inch  bars 
spaced  4|  inches  apart,  or  by  1-inch  bars  spaced  6}  inches  apart. 
This  reinforcement  will  be  uniform  across  the  total  width  of  the  base- 
plate. 

Buttresses.  The  total  pressure  on  a  vertical  strip  one  foot  wide 
is  0,400  pounds.  For  a  panel  of  15  feet,  this  equals  96,000  pounds; 
and  its  moment  about  the  base  of  the  wall  equals  96,000  X  80  inches 
=  7,680,000  inch-pounds.  If  the'  tie-bars  in  the  buttresses  are 
placed  about  3  inches  from  the  face  of  the  buttresses,  their  distance 
from  the  center  of  the  base  of  the  face  wall  will  be  about  89  inches. 

Therefore  the  tension  in  the  bars  in  each  buttress  will  equal  - — — ^ 

*  89 

=  83,292  pounds. 

Since  the  earth  pressures  considered  above  are  actual  pressures, 
we  must  here  consider  working  stresses  in  the  metal.  Allowing 
15,000  pounds'  tension  in  the  steel,  it  will  require  5.75  square  inches 
of  steel  for  the  tie-bars  of  each  buttress.  Six  1-inch  square  bars  will 
more  than  furnish  this  area.  Even  these  bars  need  not  all  be  extended 
to  the  top  of  the  buttress,  since  the  tension  is  gradually  being  trans- 
ferred to  the  face-plate. 

The  width  of  the  buttress  is  not  very  definitely  fixed.  It  must 
have  enough  volume  to  contain  the  bars  properly,  without  crowding 
them.  In  this  case,  for  the  six  1-inch  bars,  we  shall  make  the  width 
12  inches.  At  the  base  of  the  buttresses,  these  bars  should  be  bent 
around  bars  running  through  the  base-plate,  so  that  the  lower  part 
of  the  buttress  will  be  very  thoroughly  anchored  into  the  base-plate. 
It  is  also  necessary  to  tie  the  buttress  to  the  face-plate.  The  amount 
of  this  tension  is  definitely  calculated  for  each  foot  of  height,  from 
the  total  pressure  on  the  face-plate  in  each  panel  for  that  particular 
foot  of  height.     At  a  depth  of  19.5  feet,  we  found  a  bursting  pressure 


104 


REINFORCED  CONCRETE  95 

of  624  pounds  per  square  foot,  or  9,360  pounds  on  the  15-foot  panel. 
This  would  therefore  be  the  required  bond  between  the  buttress  and. 
the  face-plate  at  a  depth  of  19.5  feet.  With  a  working  tension  of 
15,000  pounds  per  square  inch,  such  a  tension  would  be  furnished 
by  .624  square  inch  of  metal.  This  equals  .05  square  inch  of  metal 
for  each  inch  of  height,  and  |-inch  bars  spaced  5  inches  apart  will 
furnish  this  tension.  The  amount  of  this  tension  varies  from  the 
above,  to  zero  at  the  top  of  the  wall.  This  tension  is  usually  provided 
by  small  bars,  such  as  ^-inch  bars,  which  are  bent  at  a  right  angle  so 
as  to  hook  over  the  horizontal  bars  in  the  face-plate  and  run  backward 
to  the  back  of  the  buttress. 

In  the  design  described  above,  the  extension  of  the  toe  beyond  the 
face  of  the  wall  is  so  short  that  there  is  no  danger  that  the  toe  will  be 
broken  off  on  account  of  either  shearing  or  transverse  stress.  It  is 
usually  good  policy  to  place  some  transverse  bars  in  the  base-plate 
which  are  perpendicular  to  the  face  of  the  wall,  and  to  have  them 
extend  nearly  to  the  point  of  the  toe.  No  definite  calculation  can  be 
made  of  the  required  number  of  these  bars  unless  they  are  required  to 
withstand  transverse  bending  of  the  toe. 

If  there  is  any  danger  that  the  subsoil  is  liable  to  settle,  and  thus 
produce  irregular  stresses  on  the  base-plate,  a  large  reinforcement  in 
this  direction  may  prove  necessary.  It  is  good  policy  to  place  at  least 
^-inch  bars  every  12  inches  through  the  base-plate,  for  the  prevention 
of  cracks;  and  this  amount  should  be  increased  as  the  uncertainty  in 
the  stress  in  the  base-plate  increases.  Although  there  are  no  definite 
stresses  in  the  top  of  the  wall,  it  is  usual  to  make  the  thickness  of  the 
face-plate  at  least  6  inches  at  the  top,  and  also  to  place  a  finishing 
cornice  on  top  of  the  wall,  somewhat  as  is  shown  in  Fig.  48. 

When  the  subsoil  is  very  unreliable,  it  is  even  possible  that  there 
might  be  a  tendency  for  the  front  and  back  of  the  base-plate  to  sink, 
and  to  break  the  base-plate  by  tension  of  the  top.  This  can  be  resisted 
by  bars  in  the  upper  part  of  the  base-plate  which  are  perpendicular 
to  the  wall. 

Box  Culverts.  The  permanency  of  concrete,  and  particularly 
reinforced  concrete,  has  caused  its  adoption  in  the  construction  of 
culverts  of  all  dimensions,. from  a  cross-sectional  area  of  a  very  few 
square  feet,  to  that  of  an  arch  which  might  be  more  propeily  classified 
under  the  more  common  name  "masonry  arch."     The  smaller  sizes 
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can  be  constructed  more  easily,  and  with  less  expense  for  the  forms, 
by  giving  them  a  rectangular  cross-section.  The  question  of  founda- 
tions is  solved  most  easily  by  making  a  concrete  bottom,  as  well  as 
side  walls  and  top.  The  structure  then  becomes  literally  a  "box." 
Its  design  consists  in  the  determination  of  the  external  pressure 
exerted  by  the  earth  and  of  the  required  thickness  of  the  concrete  to 
withstand  the  pressure  on  the  flat  sides  considered  as  slabs.  The 
most  uncertain  part  of  the  computation  lies  in  the  determination  of  the 
actual  pressure  of  the  earth.  Under  the  heading,  "Retaining  Walls," 
this  uncertainty  was  discussed. 

One  very  simple  method  is  to  assume  that  the  earth  pressure 
is  equivalent  to  that  of  a  liquid  having  a  unit  weight  equal  to  that 
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cf  the  weight  of  a  cubic  foot  of  the  earth,  which  is  nearly  100 
pounds.  Under  almost  any  circumstances,  these  figures  would  be 
sufficiently  large,  and  perhaps  very  excessive.  Calculations  on  such 
a  basis  are  therefore  certainly  safe.  If  the  pressure  is  computed  on 
this  basis,  and  a  factor  of  safety  of  2  is  used,  it  is  equivalent  to  an 
actual  pressure  of  only  one-half  the  amount  (which  is  more  probable) 
having  a  factor  of  4.  If  the  depth  of  the  earth  is  quite  large  compared 
with  the  dimensions  of  the  culvert,  we  may  consider  that  the  upward 
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pressure  on  the  bottom,  as  well  as  the  lateral  pressure  6n  the  sides, 
is  practically  the  same  as  the  downward  pressure  on  the  top.  If  the 
bottom  of  the  culvert  is  laid  on  rock,  or  on  soil  which  is  practically 
unyielding,  there  will  be  no  necessity  of  considering  that  there  is  any 
upward  pressure  on  the  bottom  slab  tending  to  burst  that  slab  upward. 
The  softer  the  soil,  the  greater  will  be  the  tendency  to  transverse 
bending  in  the  bottom  slab. 

Since  the  design  of  rectangular  box  culverts  is  purely  an  applica- 
tion of  the  equations  for  transverse  bending,  after  the  external  pres- 
sures have  been  determined,  no  numerical  example  will  here  be  given. 
These  structures  are  not  only  reinforced  with  bars,  considering  the 
sides  as  slabs,  but  should  also  have  bars  placed  across  the  corners, 
which  will  withstand  a  tendency  for  the  section  to  collapse  in  case 
the  pressure  on  opposite  sides  is  unequal.  They  must  also  be  rein- 
forced with  bars  running  longitudinally  with  the  culvert.  As  in  the 
other  cases  of  longitudinal  reinforcement,  no  definite  design  can  be 
made  for  its  amount.  A  typical  cross-section  for  such  a  culvert  is 
shown  in  Fig.  49.  The  longitudinal  bars  are  indicated  in  this  figure. 
They  are  used  to  prevent  cracks  owing  to  expansion  or  contraction, 
and  also  to  resist  any  tendency  to  rupture  which  might  be  caused  by 
a  settling  or  washing-out  of  the  subsoil  for  any  considerable  distance 
under  the  length  of  the  culvert. 

Arch  Culverts.  No  attempt  will  here  be  made  to  explain  the 
general  theory  of  arches.  A  stone  arch  is  always  designed  on  the 
basis  that  there  is  no  tension  in  the  arch  ring.  The  design  is  also 
based  on  the  principle  that  the  line  of  pressure  within  the  arch  ring 
shall  always  be  such  that  there  is  some  pressure  on  every  part  of  each 
joint,  which  practically  means  that  the  line  of  pressure  shall  not  at 
any  point  be  outside  the  middle  third  of  the  arch  ring.  It  is  usually 
a  simple  matter  so  to  design  an  arch  ring  that  when  the  arch  is  uni- 
formly loaded  from  end  to  end,  either  with  a  light  load  or  with  its 
maximum  load,  the  line  of  pressure  shall  at  all  points  be  within  the 
middle  third  of  the  arch  ring;  but  when  the  load  on  the  arch  is  eccen- 
tric— or,  in  other  words,  when  one  portion  of  the  arch  is  heavily 
loaded,  and  the  other  parts  of  the  arch  have  no  load — the  line  of 
pressure  may  pass  near  the  edge  of  the  arch  ring,  or  even  entirely 
outside  of  it.  This  is  especially  true  when  the  weight  of  the  live  load 
is  large  compared  with  the  dead  weight  of  the  arch.     An  arch  built  of 
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stone  would  certainly  fail  under  such  conditions.  An  arch  built  of 
plain  concrete  would  probably  also  fail  under  such  conditions, 
although  the  tensional  strength  of  the  concrete  would  permit  a  con- 
siderable variation  of  the  line  of  pressure  before  failure  would  take 
place.  If  the  arch  is  built  of  reinforced  concrete,  the  tensional 
strength  furnished  by  the  bars  will  permit  a  very  large  variation  in 
the  line  of  pressure  before  failure  will  take  place.  This  will  permit 
the  use  of  a  very  much  thinner  arch  ring  than  would  be  safe  for  either 
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stone  or  plain  concrete.  Variations  in  the  loading  of  an  arch  will 
cause  such  a  change  in  the  line  of  pressure,  and  such  a  variation  in 
the  place  where  a  tendency  to  bending  may  occur,  that  it  is  usual  to 
place  two  layers  of  bars,  one  slightly  within  the  extrados  of  the  arch, 
and  the  other  slightly  above  the  intrados.  These  bars  are  con- 
nected by  cross-bars  which  resist  the  tendency  to  shearing.  Bars  are 
also  placed  parallel  with  the  axis  of  the  arch.  These  are  illustrated 
in  Fig.  50. 
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The  design  of  the  arch  consists  in  the  determination,  according 
to  the  theory  of  elastic  arches,  of  the  maximum  moment  ^vhich  can 
occur  at  any  point  of  the  arch,  under  any  probable  system  of  loading. 
The  depth  of  the  arch  at  that  point,  and  the  amount  of  steel  required, 
can  tlien  be  computed  according  to  the  principles  of  transverse  bend- 
ing previously  laid  down.  Since  it  is  impracticable  to  vary  the 
amount  of  reinforcement  at  different  sections  of  the  arch,  it  is  usual 
to  compute  the  amount  of  reinforcement  needed  at  the  point  where 
the  requirement  is  the  greatest,  and  to  use  such  steel  throughout  the 
entire  section  of  the  arch.  Almost  the  only  variation  from  this  occurs 
when  additional  bars  are  sometimes  run  from  the  abutment  for 
several  feet  across  the  arch  in  order  to  provide  for  the  very  excessive 
moment  that  may  occur  near  the  abutment  in  some  designs,  that 
moment  not  being  found  under  any  conditions  at  or  near  the  cen- 
ter of  the  arch.  The  amount  of  reinforcement  which  should  be 
placed  parallel  with  the  axis  of  the  arch  is  indefinite,  as  is  the  case 
with  other  forms  of  longitudinal  reinforcement. 

The  centering  for  concrete  arches  is  not  materially  different  from 
that  of  the  centering  of  any  masonry  arch,  except  in  the  fact  that, 
since  the  concrete  is  usually  a  very  wet  mixture,  the  forms  must  be 
made  with  closer  joints  than  would  be  required  for  a  stone  arch. 

A  very  material  saving  can  frequently  be  made  in  the  amount 
of  concrete  in  the  abutments — especially  when  the  soil  is  so  soft  that 
it  cannot  easily  withstand  the  thrust  of  the  arch — by  connecting  the 
two  abutments  by  a  concrete  bottom  in  which  are  placed  sufficient 
steel  tie-rods  to  take  up  the  thrust  of  the  arch.  Frequently  there  is  a 
very  considerable  economy  in  this  method,  which  has  the  added  ad- 
vantage that  the  bottom  of  the  culvert  will  have  a  smooth  surface, 
which  will  materially  accelerate  the  flow  of  the  water,  and  will  even 
permit  of  a  slight  reduction  in  the  cross-section  of  the  arch  opening. 
It  is  also  possible  to  effect  some  economy  in  the  amount^  of  concrete 
required  for  the  abutments,  by  using  a  skeleton  form  of  construction, 
having  a  base-plate  and  buttresses  somewhat  similar  to  the  skeleton 
design  already  shown  for  retaining  walls  (see  Fig.  48).  In  such 
designs  the  pressure  of  the  earth  on  the  base-plate  assists  in  furnisliir.g 
the  necessary  anchorage  for  the  abutments.  The  economy  which  is 
thus  possible — and  which  is  possible  only  because  the  structure  is 
made  of  reinforced  concrete — is  very  considerable. 
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Footings.  When  a  definite  load,  such  as  a  weight  carried  by  a 
column,  is  to  be  supported  on  a  subsoil  whose  bearing  power  has  been 
estimated  at  some  definite  figure,  the  required  area  of  the  footing  be- 
comes a  perfectly  definite  quantity,  regardless  of  the  method  of  con- 
struction of-  the  footing.  But  with  the  area  of  the  footing  once  deter- 
mined, it  is  possible  to  effect  considerable  economy  in  the  construction 
of  the  footing,  by  the  use  of  reinforced  concrete.  An  ordinary  footing 
of  masonry  is  usually  made  in  a  p}'ramidal  form,  although  the  sides 
will  be  stepped  off  instead  of  being  made  sloping.  It  may  be  approxi- 
mately stated,  that  the  depth  of  the  footing  below  the  base  of  the 
column,  when  ordinary  masonry  is  used,  must  be  practically  equal  to 
the  width  of  the  footing.  The  offsets  in  the  masonry  cannot  ordinarily 
be  made  any  greater  than  the  heights  of  the  various  steps.  Such  a 
plan  requires  an  excessive  amount  of  masonry. 

A  footing  of  reinforced  concrete  consists  essentially  of  a  slab, 
which  is  placed  no  deeper  in  the  ground  than  is  essential  to  obtain  a 
proper  pressure  from  the  subsoil.  In  the  simplest  case,  the  column 
is  placed  in  the  middle  of  the  footing,  and  thus  acts  as  a  concentrated 
load  in  the  middle  of  the  plate.  The  mechanics  of  such  a  problem 
are  somewhat  similar  to  those  of  a  slab  supported  on  four  sides  and 
carrying  a  concentrated  load  in  the  center,  with  the  vory  important 
exception,  that  the  resistance,  instead  of  being  applied  mer-ely  at  the 
edges  of  the  slab,  is  uniformly  distributed  over  the  entire  surface. 
Since  the  column  has  a  considerable  area,  and  the  slab  merely  ov-er- 
laps  the  column  on  all  sides,  the  common  method  is  to  consider  the 
overlapping  on  each  side  to  be  an  inverted  cantilever  cariying  a  uni- 
formly distributed  load,  which  is  in  this  case  an  upward  pressure. 
The  maximum  moment  evidently  occurs  immediately  below  each 
vertical  face  of  the  column.  At  the  extreme  outer  edge  of  the  slab 
the  moment  is  evidently  zero,  and  the  thickness  of  the  slab  may  there- 
fore be  reduced  considerably  at  the  outer  edge.  The  depth  of  the 
slab,  and  the  amount  of  reinforcement,  which  is  of  course  placed  near 
the  bottom,  can  be  determined  according  to  the  usual  rules  for 
obtaining  a  moment.    This  can  best  be  illustrated  numerically. 

Example.  Assume  that  a  load  of  252,000  pounds  is  to  be  carried 
by  a  column,  on  a  soil  which  consists  of  hard,  firm  gravel.  Such  soil 
will  ordinarily  safely  carry  a  load  of  7,000  pounds  per  square  foot. 
On  this  basis,  the  area  of  the  footing  must  be  36  square  feet,  and 
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therefore  a  footing  G  feet  square  will  answer  the  purpose.  A  concrete 
column  24  inches  square  will  safely  carr}'  such  a  loading.  Placing 
such  a  column  in  the  middle  of  a  footing  will  leave  an  offset  2  feet 
broad  outside  each  face  of  the  column.  We  may  consider  a  section 
of  the  footing  made  by  passing  a  vertical  plane  through  one  face  of  the 
column.  This  leaves  a  block  of  the  footing  G  feet  long  arxl  2  feet 
wide,  on  which'  there  is  an  up-  rK-.._____,- 

ward  pressure  of  12  X  7,000  j — ^- — \ 

=  84,000  pounds.  The  center 
of  pressure  is  12  inches  from 
the  section,  and  the  moment  is 
therefore  12  X  84,000  = 
1,008,000  inch-pounds.  Mul- 
tiplying this  by  4,  we  have 
4,032,000  inch-pounds  as  the 
ultimate  moment.  Applying 
Equation  13,  we  place  this 
equal  to  397  b  d',  in  which  b  — 
72  inches.  Sohing  this  for  d, 
we  have  d  =  11.9  mches.  A 
total  thickness  of  15  inches 
would  therefore  answer  the 
purpose.  The  amount  of  steel 
required  per  inch  of  width  = 
.0084  (i  =  .0084  X  11. 9  =.100 
square  inch  of  steel  per  inch 

of  width.  Therefore  f-mch  bars,  spaced  5.6  inches  apart,  will  ser\^e 
the  purpose.  A  similar  reinforcing  of  bars  should  be  placed  perpen- 
dicularly to  these  bars. 

The  above  very  simple  solution  would  be  theoretically  accurate 
in  the  case  of  an  offset  2  feet  wide  for  the  footing  of  a  wall  of  indefinite 
length,  assuming  that  the  upward  pressure  was  7,000  pounds  per 
square  foot.  The  development  of  such  a  moment  uniformly  along 
the  section  of  our  square  footing,  implies  a  resistance  to  bending  at 
the  outer  edges  of  the  slab  which  will  not  actually  be  obtained.  The 
moment  will  certainly  be  greater  under  the  edges  of  the  column. 
On  the  other  hand,  we  have  used  bars  in  both  directions.  The  bars 
passing  under  the  column  in  each  direction  are  just  such  as  arc  re- 
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quired  to  withstand  the  moment  produced  by  the  pressure  on  that 
part  of  the  footing  directly  in  front  of  each  face  of  the  column.  It 
may  be  considered  that  the  other  bars  have  their  function  in  tying 
the  two  systems  into  one  plate  whose  several  parts  mutually  support 
one  another.  If  further  justification  of  such  a  method  is  needed,  it 
may  be  said  that  experience  has  shown  that  it  practically  fulfils  its 
purpose. 

When  a  simple  footing  supports  a  single  column,  the  center  of 
pressure  of  the  column  must  pass  vertically  through  the  center  of 


Fig.  52. 


gravity  of  the  footing,  or  there  will  be  dangerous  transverse  stresses 
in  the  column,  as  discussed  later.  But  it  is  sometimes  necessary  to 
support  a  column  on  the  edge  of  a  property  line  when  it  is  not  per- 
missible to  extend  the  foundations  beyond  the  property  line.  In  such 
a  case,  a  simple  footing  is  impracticable.  The  method  of  such  a 
solution  is  indicated  in  Fig.  52,  without  numerical  computation. 
The  nearest  interior  column  (or  even  a  column  on  the  opposite  side 
of  the  building,  if  the  building  be  not  too  wide)  is  selected,  and  a  com- 
bined footing  is  constructed  under  both  columns.  The  weight  on 
both  columns  is  computed.     If  the  weights  are  equal,  the  center  of 
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gravity  is  half-way  between  them;  if  unequal,  the  center  of  gravity 
is  on  the  line  joining  their  centers,  and  at  a  distance  from  them  such 
that  (see  Fig,  52)  x:ij::  ]]\:  n\.  In  this  case,  evidently,  W^  is  the 
greater  weight.    The  area  abed  must  fulfil  two  conditions: 

(1)  The  area  must  equal  the  total  loading  (TT^i  +  W2),  divided  by  the 
allowable  loading  per  square  foot;  and 

(2)  The  center  of  gravity  must  be  located  at  O. 

An  analytical  solution  of  the  relative  and  absolute  values  of  a  6 
and  cc?  which  will  fulfil  the  two  conditions,  is  veiy^  difficult,  and  for- 
tunately is  practically  unnecessarv'.  If  x  and  y  are  equal,  abed  is  a. 
rectangle.  If  IT',  is  greater  than  2  JJ\,  then  y  will  be  less  than  ^x; 
and  even  a  triangle  with  the  vertex  under  the  column  Tl\,  would  not 
fulfil  the  condition.  In  fact,  if  IF,  is  very  small  compared  with  J7'„,  it 
might  be  impracticable  to  obtain  an  area  sufficiently  large  to  sustain 
the  weight.  The  proper  area  can  be  determined  by  a  few  trials,  with 
sufficient  accuracy  for  the  purpose. 

The  footing  must  be  considered  as  an  inverted  beam  at  the 
section  to  w,  where  the  moment  =  W^  +  W^x.  The  w-idth  is  mn; 
and  the  required  depth  and  the  area  of  the  steel  must  be  computed 
by  the  usual  methods.  The  bars  will  here  be  in  the  top  of  the  footing, 
but  will  be  bent  down  to  the  bottom  under  the  columns,  as  shown  in 
Fig.  52.  The  cross-bars  under  each  column  will  be  designed,  as  in 
the  case  of  the  simple  footmg,  to  distribute  the  weight  on  each  column 
across  the  -^^dth  of  the  footing,  and  to  transfer  the  weight  to  the 
longitudinal  bars. 

Vertical  Walls.  Vertical  walls  which  are  not  intended  to  carry 
any  weight,  are  sometimes  made  of  remforced  concrete.  They  are 
then  called  curtain  walls,  and  are  designed  merely  to  fill  in  the  panels 
between  the  posts  and  girders  which  form  the  skeleton  frame  of  the 
building.  When  these  walls  are  interior  walls,  there  is  no  definite 
stress  which  can  be  assigned  to  them,  except  by  making  assumptions 
that  may  be  more  or  less  U'x warranted.  When  such  walls  are  used 
for  exterior  walls  of  buildings,  thev  must  be  designed  to  withstand 
wind  pressure.  This  wind  pressure  will  usually  be  exerted  as  a 
pressure  from  the  outside  tending  to  force  the  wall  inward;  but  if 
the  "s\"ind  is  m  the  contrary-  direction,  it  may  cause  a  lower  atmospheric 
pressure  on  the  outside,  while  the  higher  pressure  of  the  air  within 
the  building  will  tend  to  force  the  wall  outward.     It  is  improbable, 
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however,  that  such  a  pressure  would  ever  be  as  great  as  that  tending 
to  force  the  wall  inward.  Such  walls  may  be  designed  as  slabs 
carrying  a  uniformly  distributed  load,  and  supported  on  all  four  sides. 
If  the  panels  are  approximately  square,  they  should  have  bars  in  both 
directions,  and  should  be  designed  by  the  same  method  as  "slabs 
reinforced  in  both  directions,"  as  has  been  previously  explained. 
If  the  vertical  posts  .are  much  closer  together  than  the  height  of  the 
floor,  as  sometimes  occurs,  the  principal  reinforcing  bars  should  be 
liorizontal,  and  the  walls  should  be  designetl  as  slabs  having  a  span 
equal  to  the  distance  between  the-  posts.  Some  small  bars  spaced 
about  2  feet  apart  should  be  placed  vertically  to  prevent  shrinkage. 
The  pressure  of  the  wind  corresponding  to  the  loading  of  the  slab, 
is  usually  considered  to  be  30  pounds  per  square  foot,  although  the 
actual  wind  pressure  will  very  largely  depend  on  local  conditions, 
such  as  the  protection  which  the  building  receives  from  surrounding 
buildings.  A  pressure  of  thirty  pounds  per  square  foot  is  usually 
sufficient;  and  a  slab  designed  on  this  basis  will  usually  be  so  thin, 
perhaps  only  4  inches,  that  it  is  not  desirable  to  make  it  any  thinner. 
!;ince  designing  such  walls  is  such  ai:  obvious  application  of  the 
equations  and  problems  already  solved  in  detail,  no  numerical  illus- 
tration will  here  be  given. 

Wind  Bracing.  The  practical  applications  of  the  principles  of 
reinforced  concrete  which  have  already  been  discuss-ed,  have  been 
almost  exclusively  those  rec|uired  for  sustaining  vertical  loads;  but 
a  structure  consisting  simply  of  beams,  girders,  slabs,  and  columns 
may  fall  down,  like  a  house  of  cards,  unless  it  is  provided  with  lateral 
bracing  to  withstand  wind  pressure  and  any  lateral  forces  tending 
to  turn  it  over.  The  necessary  provision  for  such  stresses  is  usually 
made  by  placing  brackets  in  the  angles  between  posts  iwid  girders, 
as  has  been  illustrated  in  Fig.  4G.  These  brackets  are  reinforced 
with  bars  which  will  resist  any  tensile  stress  on  the  brackets.  The 
compressive  strength  of  concrete  may  be  relied  on  to  resist  a  tendency 
to  crush  the  brackets  by  compression.  Usually  such  brackets  will 
occur  in  pairs  at  each  end  of  a  beam  supported  on  two  columns. 
If  we  consider  that  any  given  moment  is  to  be  divided  equally  between 
two  brackets,  then,  if  we  are  to  have  a  working  tension  of  15,000 
pounds  per  square  inch  in  the  steel,  and  a  working  compression  of  500 
pounds  per  square  inch  in  the  concrete,  the  area  of  the  concrete  must 
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be  30  times  the  area  of  the  steel.  But  since  the  outer  face  of  tlie  con- 
crete will  have  practically  twice  the  compression  of  the  concrete  at  the 
angle  of  the  beam  and  column,  and  since  the  maximum  of  oOO-pounds 
per  square  inch  must  not  be  exceeded,  we  must  have  twice  that  area  of 
concrete;  or,  in  other  words,  the  area  of  the  concrete  from  the  point  of 
the  angle  down  to  the  face  must  be  CO  times  the  area  of  the  steel. 

Although  these  brackets  are  frequently  put  in  without  any  defi- 
nite design,  it  is  possible  to  make  some  sort  of  computation,  espe- 
cially when  a  building  is  directly  exposed  to  wind  pressure,  by  com- 
puting the  moment  of  the  wind  pressure.  For  example,  if  a  building 
is  100  feet  long  and  50  feet  high,  and  is  subjected  to  a  wind  pressure 
of  30  pounds  per  square  foot,  the  total  wind  pressure  will  be  50  X  100 
X  30  =  150,000  pounds.  Considering  the  center  of  pressure  as 
applied  at  half  the  height,  this  would  give  a  moment  about  the  base 
of  the  building,  of  150,000  X  25  =  3,750,000  foot-pounds  =  45,000,- 
000  inch-pounds.  If  this  100-foot  building  had  eight  lines  of  columns 
with  a  pair  of  brackets  on  each  line,  and  was  four  stories  high,  there 
would  be  64  such  brackets  to  resist  wind  pressure.  Each  bracket 
would  therefore  be  required  to  resist  ^^  of  45,000,000  inch-pounds, 
or  about  700,000  inch-pounds.  We  shall  assume  that  the  bracket 
will  have  a  depth  of  25  inches,  from  the  intersection  of  the  center  lines 
of  the'  column  and  the  beam  to  the  steel  near  the  face  of  the  bracket. 
Then,  since  each  bracket  must  withstand  a  moment  of  700,000  inch- 
pounds,  the  stress  in  the  steel  will  be  700,000  -i-  25  =  28,000  pounds. 
If  the  actual  stress  in  the  steel  is  15-,000  pounds  per  square  inch,  this 
would  require  1.S7  square  inches  of  steel,  which  would  be  more  than 
supplied  by  four  f-inch  square  bars.  If  these  brackets  were  12  inches 
wide  and  25  inches  deep,  the  area  of  concrete  is  300  square  inches, 
which  is  160  times  the  area  of  the  steel.  There  is,  therefore,  an  ample 
amount  of  concrete  to  withstand  compression,  on  the  part  of  those 
brackets  which  are  subject  to  compression  rather  than  tension.  It  is 
probable  that  the  above  calculation  is  excessive  on  the  side  of  safety, 
since  it  is  quite  improbable  that  such  a  broad  area  would  ever  be 
subject  to  a  pressure  of  30  pounds  per  square  foot  over  the  whole  area. 
The  method  of  calculation  also  ignores  the  fact  that  the  monolithic 
character  of  a  reinforced  concrete  structure  furnishes  a  xery  consider- 
able resistance  at  the  junction  of  columns  and  girders,  and  that  they 
should  not  by  any  means  be  considered  as  if  they  were  "pin-con- 
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nected"  structures,  which  would  require  that  the  whole  of  the  lateral 
stiffening  should  be  supplied  by  these  brackets.  Neverdieless  these 
brackets  must  be  designed  according  to  some  such  method. 

COLUMNS 

Methods  of  Reinforcement.  The  laws  of  mechanics,  as  well  as 
experimental  testing  on  full-sized  columns  of  various  structural 
materials,  show  that  very  short  columns,  or  even  those  whose  length 
is  ten  times  their  smallest  diameter,  will  fail  by  crushing  or  shearing 
of  the  material.  If  the  columns  are  very  long,  say  twenty  or  more 
times  their  smallest  diameter,  they  will  probably  fail  by  bending, 
which  will  produce  an  actual  tension  on  the  convex  side  of  the  column. 
The  line  of  division  between  long  and  short  columns  is  practically 
very  uncertain,  owing  to  the  fact  that  the  center  line  of  pressure  of  a 
column  is  frequently  more  or  less  eccentric  because  of  irregularity 
of  the  bearing  surface  at  top  or  bottom.  Such  an  eccentric  action 
will  cause  buckling  of  the  column  even  when  its  length  is  not  very 
great.  On  this  account,  it  is  always  wise  (especially  for  long  columns) 
to  place  reinforcing  bars  within  the  column.  The  reinforcing  bars 
consist  of  longitudinal  bars  (usually  four,  and  sometimes  more  with 
the  larger  columns),  and  bands  of  small  bars  spaced  about  12  or  18 
inches  apart  vertically,  which  bind  together  the  longitudinal  bars. 
The  longitudinal  bars  are  used  for  the  purpose  of  providing  the 
necessary  transverse  strength  to  prevent  buckling  of  the  column. 
As  it  is  practically  impossible  to  develop  a  satisfactory  theory  on 
which  to  compute  the  required  tensional  strength  in  the  convex  side 
of  a  column  of  given  length,  without  m.aking  assumptions  which  are 
themselves  of  doubtful  accuracy,  no  exact  rules  for  the  sizes  of  the 
longitudinal  bars  in  a  column  will  be  given.  The  bars  ordinarily 
used  vary  from  ^  inch  square  to  1  inch  square;  and  the  number  is 
usually  four,  unless  the  column  is  very  large  (400  square  inches  or 
larger)  or  is  rectangular  rather  than  square.  It  has  been  claimed  by 
many,  that  longitudinal  bars  in  a  column  may  actually  be  a  source  of 
danger,  since  the  buckling  of  the  bars  outward  may  tend  to  disinte- 
grate the  column.  T4iis  buckling  can  be  avoided,  and  the  bars  made 
mutually  self-supporting,  by  means  of  the  bands  which  are  placed 
around  the  column.  These  bars  are  usually  ^-inch  or  ^-inch  round 
or  square  bars.     The  specifications  of  the  Prussian  Public  Works 
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for  1904  require  that  these  horizontal  bars  shall  be  spaced  a  distance 
not  more  than  30  times  their  diameter,  which  would  be  7\  inches  for 
j-inch  bars,  and  11^  inches  for  f-inch  bars.  The  bands  in  the  column 
are  likewise  useful  to  resist  the  bursting  tendency  of  the  column, 
especially  when  it  is  short.  They  will  also  reinforce  the  column 
against  the  tendency  to  shear,  which  is  the  method  by  which  failure 
usually  takes  place.  The  angle  between  this  plane  of  rupture  and  a 
plane  perpendicular  to  the  line  of  stress,  is  stated  to  be  60°.  If, 
therefore,  the  bands  are  placed  at  a  distance  apart  equal  to  the 
smallest  diameter  of  the  column,  any  probable  plane  of  rupture  will 
intersect  one  of  the  bands,  even  if  the  angle  of  rupture  is  somewhat 
smaller  tlian  00°. 

The  unit  working  pressure  permissible  in  concrete  columns  is 
usually  computed  at  from  350  to  500  pounds  per  square  inch.  The 
ultimate  compression  for  transverse  stresses  for  1:3:6  concrete  has 
been  taken  at  2,000  pounds  per  square  inch.  With  a  factor  of  4, 
this  gives  a  working  pressure  of  500  pounds  per  square  inch;  but  the 
ultimate  stress  in  a  column  of  plain  concrete  is  generally  less  than 
2,000  pounds  per  square  inch.  Tests  of  a  large  number  of  12  by  12- 
inch  plain  concrete  columns  showed  an  ultimate  compressive  strength 
of  approximately  1,000  pounds  per  square  inch;  but  such  columns 
generally  begin  to  fail  by  the  development  of  longitudinal  cracks. 
These  would  be  largely  prevented  by  the  use  of  lateral  reinforcement 
or  bands.  Therefore  the  use  of  500  pounds  per  square  inch,  as  a 
working  stress  for  columns  which  are  properly  reinforced,  may  be 
considered  justifiable  although  not  conservative. 

Design  of  Columns.  It  may  be  demonstrated  by  theoretical 
mechanics,  that  if  a  load  is  jointly  supported  by  two  kinds  of  material 
with  dissimilar  elasticities,  the  proportion  of  the  loading  borne  by 
each  will  be  in  a  ratio  depending  on  their  relative  areas  and  moduli 
of  elasticity.     The  formula  for  this  may  be  developed  as  follows : 

C  =  Total  unit  compression  upon  concrete  and  steel  in  pounds  per 
square  inch  •=  Total  load  divided  by  the  combined  area  of  the  con- 
crete and  the  steel; 

c  =  Unit  compression  in  the  concrete,  in  pounds  per  square  inch; 

s  =  Unit  compression  in  the  steel,  in  pounds  per  square  inch; 

p  =  Ratio  of  area  of  steel  to  total  area  of  column; 

r  =  — -  =  Ratio  of  the  moduli  of  elasticity; 

Cs  =  Deformation  per  unit  of  length  ''n  the  steel; 
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6c  =  Deformation  per  unit  of  length  in  the  concrete; 
/Is  =  Area  of  steel; 
Ac  =  Area  of  concrete. 

The  total  compressive  force  in  the  concrete  =  A^  X  c;  and  that 
in   the  steel  =-■  .1,  X  s. 

The  sum  of  these  compressions  =  the  total  compression;  and 
therefore, 

C{Ac  +  A.)  =  Ac  c  +  /U  s. 

The  actual  lineal  compression  of  the  (■or.crete  =  that  of  the  steel; 
therefore, 

—  =  --  . 

Ee  Ea 

From  this  equation,  since  r  =  ~  ,  we  may  write  the  equation  re  ==  s. 
Solving  the  above  equation  for  C,  we  obtain : 

_   /Ic  c   +   /Is  s 

^  ~    Ac  +  A,     • 
Substituting  the  value  of  s  =  re,  we  have: 

^  ,  .4c  +  /Is  r.  ./Is  +  .4c  -  /Is   +   /is  r  . 

^^'^  -ic+  /Is  ^^'^ aT-^Ta. )• 

If  p  =  the  ratio  of  cross-section  of  steel  to  the  total  cross-section  of  the 
column,  we  have: 

^    ^  Ac    +    /Is 

Substituting  this  value  of     .      °       in  the  above  equation,  we  may 

write: 

C  =  c  (1  —  p  +  pr) . 
Solving  this  equation  for  j),  we  obtain : 


P  =  w 


C  -c 


(16) 


c(r-l) 

Example  1.  A  column  is  designed  to  carry  a  load  of  160,000 
pounds,  if  the.  column  is  made  18  inches  square,  and  the  load  per 
sfjuare  inch  to  be  carried  by  the  concrete  is  limited  to  400  pounds, 
what  must  be  the  percentage  of  the  steel,  and  how  much  steel  would  be 
required  ? 

Answer.  A  column  18  inches  square  has  an  area  of  324  square 
inches.     Dividing  100,000  by  324,  we  have  494  pounds  per  square 
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inch  as  the  total  unit  compression  upon  the  coi.crete  and  the  steel, 
which  is  C  in  the  above  formula.  Assume  that  the  concrete  is  1:3:6 
concrete,  and  that  the  ratio  of  the  moduli  of  elasticity  (r)  is  therefore 
12.     Substituting  these  values  in  Equation  16,  we  have: 

494  -  400  -,,  , 

^  =   400  (12  -  1)  =  ■^-''■ 

^Multiplying  this  ratio  by  the  total  area  of  the  column,  324  square 
inches,  we  have  6.93  square  inches  of  steel  required  in  the  column. 
This  would  very  nearly  be  provided  by  four  bars  1^  inches  square. 
Four  round  bars  H  inches  in  diameter  would  give  an  excess  in  area. 
Either  solution  would  be  amply  safe  under  the  circumstances,  pro- 
vided the  column  was  properly  reinforced  with  bands. 

.Example  2.  A  column  16  inches  square  is  subjected  to  a  load 
of  115,000  pounds,  and  is  reinforced  by  four  |-inch  square  bars  beside 
the  bands.  What  is  the  actual  compressive  stress  in  the  concrete  per 
square  inch? 

Ansiccr.     Dividing  the  total  stress  (115,000)  by  the  area  (256), 
we  have  the  combined  unit  stress  C  =  449  pounds  per  square  inch. 

By  inverting  one  of  the  ecjuations  above,  we  can  write 

C 

c  =  . ■ 

-    I  —  p  +  r  p 

In  the  above  case,  the  four  |-inch  bars  have  an  area  of  3.06  square 

inches;  and  therefore, 

Substituting  these  values  in  the  above  equation,  we  may  write: 
449  449 

c  =  ^  _   Q^2  +  (.012  X  12)  ^  l7T32  ^  ^^"  pounds  per  square  inch. 

The  net  area  of  the  concrete  in  the  above  problem  is  252.94  square 
inches.  ^lultiplying  this  by  397,  we  have  the  total  load  carried  by 
the  concrete,  which  is  100,117  pounds.  Subtracting  this  from 
115,000  pounds,  the  total  load,  we  have  14,885  pounds  as  the  com- 
pressive stress  carried  by  the  steel.  Dividing  this  by  3.06,  the  area 
of  the  steel,  we  have  4,864  pounds  as  the  unit  compressive  stress  in  the 
steel.  This  is  practically  twelve  times  the  unit  compression  in  the 
concrete,  which  is  an  illustration  of  the  fact  that  if  the  compression 
is  shared  by  the  two  materials  in  the  ratio  of  their  moduli  of  elasticity, 
the  unit  stresses  in  the  materials  will  be  m  the  same  ratio.  This  ur  it 
stress  in  the  steel  is  about  one-third  of  the  working  stress  which  may 
properly  be  placed  on  the  steel.     It  shows  that  we  cannot  economically 
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use  the  steel  in  order  to  reduce  the  area  of  the  concrete,  and  that  the 
only  object  in  using  steel  in  the  columns  is  in  order  to  protect  the 
columns  against  buckling,  and  also  to  increase  their  strength  by  the 
use  of  bands. 

It  sometimes  happens  that  in  a  building  designed  to  be  struc- 
turally of  reinforced  concrete,  the  column  loads  in  the  columns  of  the 
lower  story  may  be  so  very  great  that  concrete  columns  of  sufficient 
size  would  take  up  more  space  than  it  is  desired  to  spare  for  such  a 
purpose.  For  example,  it  might  be  required  to  support  a  load  of 
320,000  pounds  on  a  column  18  inches  square.  If  the  concrete 
(1:3 :C)  is  Hmited  to  a  compressive  stress  of  400  pounds  per  square 
inch,  we  may  solve  for  the  area  of  steel  required,  precisely  as  was  done 
in  example  1.  We  would  find  that  the  required  percentage  of  steel 
was  13.4  per  cent,  and  that  the  required  area  of  the  steel  was  therefore 
43.3  square  inches.  But  such  an  area  of  steel  could  carry  the  entire 
load  of  320,000  pounds  without  the  aid  of  the  concrete,  and  would 
have  a  compressive  unit  stress  of  only  7,400  pounds.  In  such  a  case, 
it  would  be  more  economical  to  design  a  steel  column  to  carry  the 
entire  load,  and  then  to  surround  the  column  with  sufficient  concrete 
to  fireproof  it  thoroughly.  Since  the  stress  in  the  steel  and  the  con- 
crete are  divided  in  proportion  to  their  relative  moduli  of  elasticity, 
which  is  usually  about  10  or  12,  we  cannot  develop  a  working  stress 
of,  say,  15,000  pounds  per  square  inch  in  the  steel,  without  at  the  same 
time  developing  a  compressive  stress  of  1,200  to  1,500  pounds  in  the 
concrete,  which  is  objectionably  high  as  a  working  stress. 

Effect  of  Eccentric  Loadings  of  Columns.  It  is  well  known  that 
if  a  load  on  a  column  is  eccentric,  its  strength  is  considerably  less  than 
when  the  resultant  line  of  pressure  passes  through  the  axis  of  the 
column.  The  theoretical  demonstration  of  the  amount  of  this  eccen- 
tricity depends  on  assumptions  which  may  or  may  not  be  found  in 
practice.  The  following  formula  is  given  without  proof  or  demonstra- 
tion, in  Taylor   &  Thompson's  Treatise  on  Concrete: 

Let     e  =  Eccentricity  of  load; 
h  =  Breadth  of  column ; 
/  =  Average  unit  pressure; 

/'  =  Total  unit  pressure  of  outer  fiber  nearest  to  line  of  vertical 
pressure. 

Then, 

/'  =  /(i  +  t)  (>7) 
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As  an  illustration  of  this  formula,  if  the  eccentricity  on  a  12-inch 
column  were  2  inches,  we  would  have  b  ^  12,  and  e  =  2.  Sub- 
stituting these  values  in  Equation  17,  we  would  have  /'  =  2/,  which 
means  tliat  the  maximum  pressure  would  equal  twice  the  average 
pressure.  In  the  extreme  case,  where  the  line  of  pressure  came  to 
the  outside  of  the  column,  or  when  <?  =  ^  6,  we  would  have  that  the 
maximum  pressure  on  the  edge  of  the  column  would  equal  four  times 
the  average  pressure. 

Any  refinements  in  such  a  calculation,  however,  are  frequently 
overshadowed  by  the  uncertainty  of  the  actual  location  of  the  center 
of  pressure.  A  column  which  supports  two  equally  loaded  beams 
on  each  side,  is  probably  loaded  more  symmetrically  than  a  column 
which  supports  merely  the  end  of  a  beam  on  one  side  of  it.  The 
best  that  can  be  done  is  arbitrarily  to  lower  the  unit  stress  on  a  column 
which  is  probably  loaded  somewhat  eccentrically. 

STRENGTH   OF    TEE-BEAMS 

When  concrete  beams  are  laid  in  conjunction  with  overlying 
floor-slabs,  the  concrete  for  both  the  beams  and  the  slabs  being  laid 
in  one  operation,  the  strength  of  such  beams  is  very  much  greater 
than  their  strength  considered  merely  as  plain  beams,  even  though  we 
compute  the  depth  of  the  beams  to  be  equal  to  the  total  depth  from 
the  bottom  of  the  beam  to  the  top  of 
the  slab.  An  explanation  of  this 
added  strength  may  be  made  as  fol- 
lows : 

If  we  were  to  construct  a  very 
wide  beam  with  a  cross-section  such 
as  is  illustrated  in  Fig.  53,  there  is 
no  hesitation  about  calculating  such 
strength  as  that  of  a  plain  beam 
whose  width  is  b,  and  whose  effec- 
tiye  depth  to  the  reinforcement  is  d. 
Our  previous  study  in  plain  beams 

has  shown  us  that  the  steel  in  the  bottom  of  the  beam  takes  care  of 
practically  all  the  tension;  that  the  neutral  axis  of  the  beam  is 
somewhat  above  the  center  of  its  height ;  that  the  only  work  of  the 
concrete  below  the  neutral  axis  is  to  transfer  the  stress  in  the  steel  to 


Fig.  53.    Tee-Beam  in  Cross-Section. 
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the  concrete  in  the  top  of  the  beam;  and  that  even  in  this  work  it 
must  be  assisted  somewhat  by  stirrups  or  by  bending  up  the  steel  bars. 
If,  therefore,  we  cut  out  from  the  lower  corners  of  the  beam  two 
rectangles,  as  shown  by  the  unshaded  areas,  we  are  saving  a  very 
large  part  of  the  concrete,  with  very  little  loss  in  the  strength  of  the 
beam,  provided  we  can  fulfil  certain  conditions.  The  steel,  instead 
of  being  distributed  uniformly  throughout  the  bottom  of  the  wide 
beam,  is  concentrated  into  the  comparatively  narrow  portion  which 
we  shall  hereafter  call- the  rib  of  the  beam.  The  concentrated  tension 
in  the  bottom  of  this  rib  must  be  transferred  to  the  compression  area 
at  the  top  of  the  beam.  We  must  also  design  the  beam  so  that  the 
shearing  stresses  in  the  plane  (mn)  immediately  below  the  slab  shall 
not  exceed  the  allowable  shearing  stress  in  the  concrete.     We  must 

also  provide  that  failure 
shall  not  occur  on  account 
of  shearing  in  the  vertical 
planes  (m  r  and  n  s)  be- 
tween the  sides  of  the  beam 
and  the  flanges.  In  com- 
puting the  compression  in 
the  fibers  in  the  upper  part 
of  the  simple  beam,  it  is  assumed  that  all  fibers  at  the  same 
distance  above  the  neutral  axis  are  stressed  equally.  The  same 
assumption  is  sometimes  made  when  developing  the  formula  for 
tee-beams.  Such  an  assumption  is  substantially  true  in  the  case  of 
the  simple  beam,  but  is  practically  untrue  (and  perhaps  dangerously 
so)  in  the  case  of  tee-beams  with  wide  flanges.  The  maximum  com- 
pression is  evidently  found  immediately  above  the  rib  of  the  beam, 
while  the  compressive  stress  probably  diminishes  on  each  side  of  the 
rib.  Fig.  54  gives  a  graphical  representation  of  the  diminution  in 
intensity  of  pressure  in  the  flange.  AMien  the  distance  between 
adjacent  beams  is  comparatively  great,  there  is  probably  (and  in 
fact  usually)  a  considerable  portion  of  the  slab  between  consecutive 
beams  which  is  practically  unafl'ected  by  the  compression  required 
for  the  top  of  each  tee-beam.  Since  this  compression  is  concentrated 
above  the  rib  of  each  tee-beam,  the  work  must  be  so  designed  that  the 
maximum  pressure  (instead  of  the  average  pressure)  does  not  exceed 
the  safe  working  value. 


Fig.  54.    Graphical  Representation  of  Diminution 
in  Intensity  of  Pressure  in  Flange. 
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Let  us  consider  a  tee-beam  such  as  is  illustrated  in  Fig.  55.  If 
we  were  to  insert  an  excessively  large  amount  of  steel  in  the  lower 
part  of  the  rib,  we  could  probably  develop  a  compression  in  the  flange 
which  would  require  a  very  wide  flange.  But  the  beam  would  prob- 
ably fail  by  shearing  along  the  horizontal  plane  immediately  under 
the  flange.  In  order  to  have  the  most  economical  design,  which 
means  that  the  beam  shall  be  equally  strong  in  every  respect,  or,  in 
other  words,  that  it  shall  be  equally  liable  to  failure  in  several  ways 
when  loaded  to  its  ultimate  load,  we  must  obtain  a  relation  between 
the  total  compression  in  the  flange  and  the  required  shearing  strength 
in  the  rib  immediately  under  the  flange.  In  the  lower  part  of  Fig. 
55,  is  represented  one-half  of  the  length  of  the  flange,  which  is  con- 
sidered to  have  been  separated  from  the  rib.     Following  the  usual 
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Fig.  55.    Tee-Beam. 


method  of  considering  this  as  a  free  body  in  space,  acted  on  by 
external  forces  and  by  such  internal  forces  as  are  necessary  to  produce 
equilibrium,  we  find  that  it  is  acted  on  at  the  left  end  by  the  abutment 
reaction,  which  is  a  vertical  force,  and  also  by  a  vertical  load  on  top. 
We  may  consider  P'  to  represent  the  summation  of  all  compressive 
forces  acting  on  the  flange  at  the  center  of  the  beam.  In  order  to 
produce  equilibrium  there  must  be  a  shearing  force  acting  on  the  under- 
side of  the  iiange.  We  represent  this  force  by  5h.  Since  these  two 
forces  are  the  only  horizontal  forces,  or  forces  with  horizontal  com- 
ponents, which  are  acting  on  this  free  body  in  space,  P'  must  equal  S^,. 
Let  us  consider  z  to  represent  the  ultimate  shearing  force  per  unit  of 
area.  We  know  from  the  laws  of  mechanics,  that,  with  a  uniformly 
distributed  load  on  the  beam,  the  shearing  force  is  maximum  at  the 
ends  of  the  beam,  and  diminishes  uniformly  towards  the  center,  where 
it  is  zero.     Therefore  the  average  value  of  the  unit  shear  for  the  half- 
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length  of  the  beam,  must  equal  ^  2.  As  before,  we  represent  the 
width  of  the  rib  by  b.  For,  convenience  in  future  computations, 
we  shall  consider  L  to  represent  the  length  of  the  beam  measured  in 
feet.  All  other  dimensions  are  measured  in  inches.  Therefore  the 
total  shearing  force  along  the  lower  side  of  the  flange,  will  be : 

5h=  ^zXb  X   iL  X  12  =  36zL (18) 

There  is  also  a  possibility  that  a  beam  may  fail  in  case  the  flange 
(or  the  slab)  is  too  thin;  but  the  slab  is  always  reinforced  by  bars 
which  are  transverse  to  the  beam,  and  the  slab  will  be  placed  on  both 
sides  of  the  beam,  giving  two  shearing  surfaces.  Beams  supporting 
a  slab  on  only  one  side,  should  be  computed  as  plain  beams.  There- 
fore, if  we  adopt  the  rule  that  the  thickness  of  the  slab  should  be  at 
least  one-half  the  width  of  the  rib,  or  perhaps  permitting  the  reduction 
to  one-third  of  the  width  of  the  rib  on  account  of  the  reinforcement 
which  will  tend  to  prevent  shearing,  we  need  not  pay  any  further 
attention  to  the  tendency  to  shear  in  vertical  planes  along  the  rib. 
Expressing  the  above  condition  algebraically,  we  should  say: 


/  >  ^6,  orb  <3;. 


(19) 


The  summation  (P')  of  the  horizontal  forces  in  the  flange  of  the 

beam,  is  computed  as  follows : 

It  is  assumed  that  the  diminution  of  pressure  from  the  upper 

fibers  downward  follows  the  usual  law  as  already  developed  for  simple 

beams.  It  is  also  assumed  that 
the  pressure  on  the  fibers  in  any 
horizontal  plane  through  the 
flange  will  also  vary  as  the  ordi- 
nates  of  a  parabola.  This  is 
practically  the  equivalent  of  say- 
ing that  the  total  pressure  on  the 
rectangle  mnvs  (see  Fig.  56)  is 
tivo-tkirds  of  what  it  would  be  if 
mnvs  were  part  of  a  simple 
beam,  with  width  b'  and  effective 
depth  d.     We  shall  first  compute 

the  total  pressure  on  the  rectangle  m nop,  calling  it  two-thirds  oi  the 

pressure  on  mnop,  if  it  be  a  simple  beam,  and  then  subtract  from  it 
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the  pressure  on  vsop,  computed  on  the  same  basis.     We  may  apply 
Equation  5  directly  for  the  rectangle  mnop,  and  say* that: 

2  7 
Pressure  on  m  n  o  p  =  =-  X  r^  X  c'  b'  m. 

3  12  -^  ., 

For  -y sop  we  must  apply  Equation  4,  since,  for  the  fibers  in  the  plane 

2  p  s       '^    7 
vs,  q  is  not  §,  but  i^  3    ^  =  ^  y  •     Substituting  this  value  of  q  in 

Equation  4,  we  have : 

Pressure  on  v  sop  =  —  X  -  (l ~\~^c'h'ii    ■ 

,,.,,|^„_i(,_||.).^| ■ (20) 

The  pressure  (P")  on  the  rib  between  the  flange  and  the  neutral  axis, 
is  computed  on  the  basis  that  the  pressure  on  all  fibers  in  any  one 
horizontal  plane  is  uniform  (as  in  the  case  of  simple  beams),  but  that 

q  is  the  same  as  above,  — ^.    Applying  Equation  4,  we  have: 

=i-04:t):f (21) 

It  has  already  been  shown  ^n  a  previous  section,  that  the  allow- 
able unit  intensity  of  the  shear,  even  for  ultimate  loads,  equals 


z  = 


6.928  ■ 
Substituting  this  value  in  Equation  18,  we  have: 

'  For  greater  convenience  in  numerical  calculation,  and  especially 
in  view  of  the  uncertainty  of  the  value  and  the  excessive  margin 
allowed,  this  ratio  is  placed  at  the  round  value : 
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We  may  then  place  this  vahie  ecjual  to  the  vahie  of  P'  in  Equation 
20,  and  solve  for  h': 


hL 


bL 


.(22) 


8  •^'       8  V       9  y,  )  Ih 
When  the  neutral  axis  is  at  or  near  the  bottom  of  the  slab,  it  is 
practically  correct  to  say  that: 

If  the  beams  are  very  deep,  and  the  neutral  axis  is  as  far  below  the 
slab  as  the  thickness  of  the  slab,  such  an  approximate  value  would  be 
about  30  per  cent  too  small. 

Area  of  Steel.    The  requiretl  area  of  steel  ecjuals  the  total  com- 
pression in  the  concrete,  divided  by  s.    Therefore, 

p>  4.  p"        4  be'  r     ,    3    Z>c'  /1        2  //:,  \  y.2  (23) 


"9    s    ^  +4    5    V         9  y,  )  y. 


Moment  of  Section.    The  ultimate  moment  of  the  cross-section 
of  a  simple  beam  depends  only  on  the  dimensions  of  the  cross-section. 

This  would  also  be  true  of 
tee-beams,  except  for  the 
fact  that  under  some  con- 
ditions the  beam  might  fail 
by  shearing  vmder  the 
flange;  and  the  above 
theory  provides  for  those 
conditions,  by  determining 
the  pressure  (P')  as  a  func- 
tion of  the  length  of  the 
beam  (L).  The  determin- 
ation of  the  precise  points 
of  application  of  the  two 
forces  P'  and  P",  is  a  very  complicated  matiiematical  problem.  There 
is  no  material  error  in  assuming  that  P'  is  applied  at  the  middle  of  the 
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slab  height,  and  that  P"  is  appHed  at  |  of  the  height  y^  By  taking 
moments  about  the  center  of  gravity  of  the  steel,  we  eliminate  the 
steel  tension  from  the  equation,  and  have  the  equation: 

Mo  =  P'  (f/  -\t)+  P"(!J2  +  .6  !,,  ) ; 

Design  of  Tee-Beams.    Although  Equations  22,  23,  and  24  are 
the  only  equations  which  are  essential  to  design  tee-beams,  the  work 
is  very  tedious  without  the  use  of  tables,  since  the  equations  involve 
unknown  quantities  which  must  be  assumed  first,  and  then  tested 
whether  the  dimensions  are  mutually  satisfactory.     For  any  one  grade 
of  concrete,  k  has  the  same  value  as  already  figured  for  simple  beams, 
and  therefore  for  a  beam  of  any  assumed  depth  (say,  d),  kd,  which  in 
these   calculations   has   been   abbreviated    to   y^,   becomes   known; 
?/,  =  (d  -  kd),  and   ij^  =  (y,  —  t).     In  any  given  numerical  case, 
the  thickness  of  the  slab  (t)  is  first  computed  on  the  basis  of  the  floor 
load  to  be  carried  between  beams  spaced  at  a  chosen  distance  apart. 
We  must  then  compute  the  weight  of  the  live  load  on  the  panel 
whose  area  is  the  product  of  the  span  of  the  beam  and  the  distance 
between  beams.     Adding  to  this  an  estimate  for  the  dead  weight  of  the 
floor,  and  multiplying  the  total  load  by  4,  we  have  the  ultimate  load 
on  one  tee-beam.     We  then  make  an  estimate  of  the  probable  required 
depth  (d)  of  the  beam.     Knowing  the  quality  of  the  concrete,  we 
know  the  ratio  k,  which  determines  the  position  of  the  neutral  axis; 
and  we  may  then  compute  y^,  ?/,,  and  y^  as  explained  above.     We  also 
know  the  span  L  and  the  ultimate  compressive  strength  of  the  con- 
crete c'.     Substituting  all  of  these  quantities  in  Equation  24,  b  is  the 
only  unknown  quantity;  and  therefore  we  may  solve  the  equation  for 
6,  which  is  the  required  width  of  the  beam.  "  We  must  apply  two  checks. 
In  the  first  place,  b  must  not  be  greater  than  three  times  the  slab 
thickness  (t).     Also  the  breadth  &',  as  computed  from  Equation  22, 
must  not  be  greater  than  the  distance  between  consecutive  tee-beams. 
Even  though  these  two  checks  are  satisfactory,  it  is  quite  possible 
that  a  recalculation  should  be  made  for  a  beam  of  greater  or  less 
cpth,  in  order  that  the  breadth  b  shall  bear  a  more  satisfactory  pro- 
portion to  the  depth  d.     Of  course,  an  increase  in  the  depth  d  will 
result  in  a  decrease  in  the  computed  width  b,  and  vice  versa. 
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Having  satisfactorily  settled  on  the  depth  d  and  the  corresponding 
width  h,  we  can  determine  the  area  of  the  steel  from  Equation  23. 
All  of  the  quantities  on  the  right-hand  side  of  Equation  23  are  known, 
and  the  area  may  therefore  be  computed  directly.  As  in  the  case  of 
simple  beams,  the  bars  should  be  bent  upward  at  an  angle  of  45°, 
as  illustrated  in  Fig.  45.  It  will  add  considerably  to  the  shearing 
strength  in  the  horizontal  plane  immediately  inidenieath  the  slab, 
if  the  bars  which  are  bent  upward  are  allowed  to  penetrate  the  slab, 
and  are  then  bent  so  as  to  run  horizontally  for  the  remainder  of  their 
length  within  the  slab.  Of  course  this  will  occur  only  near  the  ends 
of  the  beams,  where  the  slu>ar  immediately  under  the  slab  has  its 
maximum  value. 

Numerical  Example.  iM  us  assume  that  a  flooring  for  a  build- 
ing 20  feet  wide  is  to  be  made  of  a  1 :3:r)  concrete  floor-slab  supported 
by  concrete  beams  spaced  8  feet  apart  from  center  to  center.  We 
shall  assume  that  the  floor  is  to  carry  a  live  load  of  150  pounds  per 
scjuare  foot.  An  experienced  man  will  know  that  a  5-inch  slab  will 
probably  answer  the  purpose,  and  that  this  slab  will  weigh  about  12 
pounds  per  square  foot  per  inch  of  thickness  of  the  slab,  or  about  60 
pounds  per  scjuare  foot.  In  this  case,  we  shall  obtain  the  ultimate 
loading  by  adopting  the  frequent  practice  of  multiplying  our  live 
load  (150)  by  4,  and  our  dead  load  (GO)  by  2,  this  giving  720  pounds 
per  scjuare  foot  ultimate  load.  With  a  span  of  8  feet,  and  on  a  strip 
1  foot  wide,  we  have  a  total  ultimate  load  of  720  X  8  =  5,760  pounds. 
We  therefore  have,  for  the  ultimate  moment: 

„         Wo  I        5,760  X  96        poion  •     1  a 

Mo  =  — ^—   =  — 5 =  69,120  inch-pounds. 

o  o 

I 

Using  Equation  13,  which  is  applicable  in  this  case,  we  have: 

397  6^2  =  69,120; 
fcf/2  =  174 

But  6  =  12  inches;  therefore  d-  =  14.5,  and  d  =  3,8  inches. 
Therefore  a  5-inch  slab,  with  the  bars  1  inch  from  the  bottom,  has  a 
slight  excess  of  thickness.     The  required  area  of  steel  equals  .0084 
bd=  .0084  X  12  X  3.8  =  .383  square  inches  per  foot  of  width. 

This  equals  .032  square  inch  per  inch,  which  will  require  i-inch 
bars,  to  be  spaced  8  inches.  The  student  should  compare  these 
results  with  those  which  may  be  derived  directly  from  Table  XI. 
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We  have  figured  an  ultimate  load  of  720  pounds  per  square  foot 
for  the  floor-slab.  In  figuring  the  ultimate  load  for  the  tee-beam, 
we  must  add  something  for  the  dead  weight  of  the  beam  itself.  Of 
course  this  depends  on  the  size  of  the  beam,  which  is  still  an  unknown 
quantity.  It  is  usually  found  that  the  added  amount  of  concrete  in 
the  beam  underneath  the  slab  is  the  equivalent  of  an  added  inch  or  two 
of  thiclvness  over  the  entire  area  of  the  slab.  At  12  pounds  per 
square  foot  per  inch  of  thickness,  this  will  add  12  or  15  pounds  per 
square  foot  to  the  dead  load.  INIultiplying  this  by  2  for  factor  of 
safety,  we  have,  say,  30  pounds  additional,  and  we  may  therefore  say 
that  the  ultimate  load  per  square  foot  for  the  beam  shall  be  considered 
in  this  case  750  pounds  rather  than  720.  Therefore,  on  the  span  of 
20  feet,  and  with  8  feet  between  the  beams,  each  beam  must  support 
an  ultimate  load  of  8  X  20  X  750  =  120,000  pounds.    Then, 

TFn    I 

Mo  =— -  =  120,000  X  240  H-  8  =  3,600,000  inch-pounds. 

We  must  substitute  this  value  of  M„  in  Equation  24,  and  obtain 
the  dimensions  of  the  beam.  This  can  be  done  only  by  assuming 
some  value  for  the  depth  of  the  beam,  and  solving  for  b.  We  shall 
commence  with  the  assumption  that  d  =  15  inches.  Using  1:3:6 
concrete,  k  =  .395;  and  kd  therefore  equals  in  this  case  5.92  inches. 
This  gives  us  the  value  y^  =  5.92;  and  since  y^  +  y^^  d,  then  y^  = 
9-OS;  ?/3  =  y,-f  =  5.92  -  5.00  =  0.92;  c'  =  2,000;  L,  which  is  the  span 
in  feet,  =  20.  This  determines  all  the  quantities  in  Equation  24  except 
the  value  b.     Substituting  these  quantities  in  Equation  24,  we  have: 

6||x2,000x20(15-2.5)+|x2,000X   (l  "  |  5^3)  S  (^'^^  + 
.6  X  .92)  I  =  3,600,000  ; 

b  J  222,222  +  1,500  (1  -  .034)  .143  X  9.63  [  =  3,600.000  ; 

b  (  222,222  +  1,992  )  =  3,600,000  ; 
,  3,600,000       __.     , 

^=        224,214    =  16.0  inches. 

But  this  trial  value  of  b  is  greater  than  three  times  the  thickness  of 
the  slab.  It  is  also  greater  than  the  depth  of  the  slab  to  the  rein- 
forcement, which  shows  that  it  is  not  an  economical  design,  even  if  it 
fulfilled  the  other  condition.  We  must  therefore  use  a  deeper  beam. 
We  shall  accordingly  make  another  trial  with  d  =  17  inches.  The 
student  should  work  this  out  in  detail,  the  calculation  being  very 
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similar  to  that  given  above;  and  it  will  be  found  that  b  then  =  13.6 
inches.  This  being  a  suitable  width  for  d  =  17  inches — or  a  total 
depth  of,  say,  19  inches,  or  14  inches  under  the  slab — this  combination 
of  breadth  and  depth  will  be  accepted. 

The  required  area  of  the  steel  can  now  readily  be  found  by  a 
direct  application  of  Equation  23,  since  all  the  symbols  on  the  right- 
hand  side  of  the  equation  have  now  become  known  quantities.  Mak- 
ing these  substitutions,  which  the  student  should  work  out  in  detail, 
we  find  that  the  required  area  equals  4.55  square  inches.  This  can 
be  furnished  by  six  |-inch  square  rods  (area  4.59  square  inches)  or 
by  eight  |-inch  square  rods  (area  4.50  square  inches).  Probably 
the  eight  f-inch  rods  would  be  the  better  choice,  in  spite  of  the  slight 
deficiency  in  area,  since  it  gives  a  better  distribution  of  the  metal, 
and  furnishes  a  greater  number  of  bars  which  may  be  turned  up  near 
the  ends  of  the  beam. 

The  student  should  work  out  still  another  combination  of  values 
for  the  above  case,  on  the  basis  that  d  =  19  inches.  He  should  fir.d 
in  this  case  that  b  will  be  11.6  inches,  but  that  the  amount  of  steel 
required  w'ill  be  only  4.00  square  inches.  Although  the  amount  of 
concrete  will  be  very  nearly  the  same  in  these  last  two  solutions,  the 
last  method  requires  less  steel,  and  is  therefore  more  economical. 

Shear.  The  theoretical  computation  of  the  shear  of  a  tee-beam 
is  a  very  complicated  problem.  Fortunately  it  is  unnecessary  to 
attempt  to  solve  it  exactly.  The  shearing  resistance  is  certainly  far 
greater  in  the  case  of  a  tee-beam  than  in  the  case  of  a  plain  beam  of 
the  same  width  and  total  depth  and  loaded  with  the  same  total  load. 
Therefore,  if  the  shearing  strength  is  sufficient,  according  to  the  rule, 
for  a  plain  beam,  it  is  certainly  sufiicient  for  the  tee-beam.  In  the 
above  numerical  case,  the  total  ultimate  load  on  the  beam  is  120,000 
pounds.  Therefore  the  maximum  shear  (V)  at  the  end  of  the  beam, 
is  60,000  pounds.  With  this  grade  of  concrete,  d  —  x  =  .86  d.  For 
this  beam,  d  =  17  inches,  and  b  ==  13.0  inches.  Substituting  these 
values  in  Equation  15,  we  have: 

V  60,000  ono  ^  •      I 

''  =  M^nT)  =  13:61^.86x17  =  ^^2  p°""^^  P^*-  ^^"''^'■^  '"'•^^- 

Although  this  is  probably  a  very  safe  ultimate  stress  for  direct  shearing, 
it  is  50  per  cent  in  excess  of  the  allowable  direct  ultimate  tension  due 
to  the  diagonal  stresses;  and  therefore  ample  reinforcement  must  be 
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provided.  If  only  two  of  the  f-inch  bars  are  turned  at  an  angle  of 
45°  at  the  end,  these  two  bars  will  have  an  area  of  1.12  square  inches, 
and  will  have  an  ultimate  tensile  strength  (at  the  elastic  limit  of 
55,000  pounds)  of  61,600  pounds.  This  is  more  than  the  ultimate 
total  vertical  shear  at  the  ends  of  the  beam;  and  we  may  therefore 
consider  that  the  beam  is  protected  against  this  form  of  failure. 

Tables  for  Computation  of  Tee-Beams.  The  above  computation 
has  purposely  been  worked  out  in  detail  in  order  thoroughly  to  explain 
every  feature  of  the  solution.  If  it  were  necessary  to  adopt  identically 
the  same  method  for  the  design  of  every  tee-beam,  the  work  would  be 
very  tedious.  Fortunately  the  work  may  be  very  greatly  simplified 
by  solving  Equations  22,  23,  and  24  for  some  one  grade  of  concrete 
and  for  various  depths  of  beams.  Such  tables  are  illustrated  in 
Tables  XI  to  XIV  inclusive.  They  are  all  worked  out  on  the 
basis  of  the  use  of  1 :3:6  concrete.  Their  use  may  be  illustrated  as 
follows : 

Assume  that  a  flooring  having  a  span  of  18  feet  is  to  be  supported 
by  a  4-inch  slab  and  by  tee-beams  spaced  6  feet  apart,  the  working 
load  being  150  pounds  per  square  foot. 

We  shall  compute,  as  before,  an  ultimate  floor  loading  of  725 
pounds  per  square  foot,  and  the  ultimate  moment  on  one  panel  to  be 
supported  by  one  tee-beam  of  2,349,000  inch-pounds.  As  a  trial,  we 
shall  assume  c?  =  14  as  the  proper  depth.  In  Table  XI,  opposite 
d  =  14,  we  find  ultimate  moment  =  h  (5,596  +  10,667  L).  I^Iul- 
tiplying  10,667  by  20,  and  adding  5,596,  we  have  218,936.  Dividing 
this  into  2,349,000,  we  have  10|  inches  as  the  required  width  h. 
This  being  a  proper  proportion,  it  may  be  adopted.  Substituting 
this  value  of  6  in  the  expression  on  the  same  line  for  "area  of  steel," 
we  have : 

Area  of  steel    =   10.75  (.0108  +  .0162  X  20)  =  3.60  square   inches  of 


steel 


As  a  check,  h'  =  .227  6  Z  =  .227  X  10.75  X  20  =  48.8  inches.  But, 
since  the  beams  are  spaced  6  feet  (or  72  inches)  apart,  there  is  ample 
width  of  slab  between  each  beam.  The  ultimate  shear  at  the  end  of 
the  beam  is  39,150  pounds.  Applying  Equation  15,  we  have  in  this 
case  {d-  x)  =  .86  d  =  12.04  inches.     Then, 


V  — 


39,150 
10  75  X  12  04  ""  pounds  per  square  inch. 


131 


122 


REINFORCED  CONCRETE 


We  may  consider  this  as  the  diagonal  tension  in  the  end  of  the  beam, 
which  shows  that  it  must  be  amply  reinforced  either  by  stirrups  or 
by  some  of  the  reinforcing  bars  being  bent  up  diagonally  at  the  ends. 
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TABLE  XI 
3  : 6  Concrete- 


-4=Inch  Slabs 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
24 


Ultimate  Moment — M. 


269 

12S9 

3035 

5590 

8868 

12993 

17807 

23502 

29865 

37133 

53884 

73755 


8,000L) 
8,889L) 
9,778L) 
1 0,607  L) 
11,556L) 
12,444L) 
13,333L) 
14,222L) 
15,niL) 
lO.OOOL) 
17,778L) 
19,556L) 


Area  of  Steel — .4 


.0007  + 
.0030  + 
.0064  + 
.0108  + 
.0157  + 
.0213  + 
.0272  4- 
.0335  + 
.0399  + 
.0407  + 
.0608  + 
.0754  + 


.01627.) 
.0162L) 
.0162/.) 
.0162L) 
.0162L) 
.0162/.^ 
.0102L) 
.0162L) 
.0162L) 
.0162L) 
.0162/.) 
.0162L) 


.265 

.248 
.236 
.227 
.221 
.215 
.211 
.207 
.203 
.201 
.196 
.193 


bL 
bL 
bL 
bL 
bL 
bL 
bL 
bL 
bL 
bL 
bL 
bL 
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TABLE  XII 

3  : 6  Concrete 


5  =  Inch  Slabs 


d 

Ultimate  Moment — .U^ 

Area   of  Steel- — A 

b' 

13 

b( 

42  +     9,333L) 

b{ 

.0001  +   .0162L) 

223    bL 

14 

b( 

655  +  10,222L) 

b( 

.0014  +   .0162L) 

209    bL 

15 

b( 

2,014  +  ll.lllL) 

b( 

.0038  +   .0162L) 

199    bL 

16 

b( 

4,130  +  1 2,000  L) 

b{ 

.0072  +   .0162L) 

191     bL 

17 

b( 

7,012  +  1 2,889  L) 

b{ 

.0113  +   .0162L) 

185    bL 

18 

bi 

10,665  +  13,778L) 

b{ 

.0160  +    .0162L) 

ISO    bL 

19 

b( 

15,093  +  14, 667  L) 

bi 

;    .0211  +    .0162L) 

175    bL 

20 

b( 

20,297  +  15,556L) 

bi 

:    .0267  +   .01627.) 

172    bL 

22 

b( 

33,043  +  17,333L) 

bi 

:    .0387  +   .0162L) 

106    bL 

24 

b( 

48,909  +  19,111L) 

b 

;    .0517  +   .0162L) 

162    bL 

26 

b( 

67,895  +  20,8897.) 

b 

;    .06.54  +   .0162L) 

159    bL 

28 

bi 

90,003  +  22,667L) 

b 

[    .0796  +   .0162L) 

156    bL 

TABLE  XIII 
Tee-=Beams— 1  :3:  6  Concrete — 6=Inch  Slabs 


d 

Ultimate  Moment — .1/., 

, 

Vrea   of  Steel — .1 

b' 

16 

b( 

237  +  11,5567.) 

bi 

:    .0004  +    .0162L) 

181    bL 

17 

b( 

1,195  +  1 2,444  L-) 

bi 

'    .0020  4-   .0162L) 

173    bL 

18 

b( 

2,900  +  1 3,333  L) 

bi 

.0046  +   .0162L) 

166    bL 

19 

b( 

5,362  4-  14,222L) 

hi 

.0079  4-   .0162L) 

160    bL 

20 

hi 

8,590  +  15,111L) 

bi 

.0118  4-    .0162L) 

156    bL 

22 

bi 

17,.358  +  ]6,S89L) 

bi 

.0206  +    .0162L) 

If  8    bL 

24 

bi 

29,228  +  18,6677.) 

bi 

.0320  4-    .0162L) 

143    bL 

26 

hi 

44,212  +  20,444L) 

bi 

.0439  4-    .0162L) 

139    bL 

28 

bi 

62,313  +  22,222L) 

bi 

.0567  4-    .0162L) 

136    bL 

30 

bi 

83,536  +  24,000L^ 

bi 

.0701   4-   .0162L) 

134    bL 

32 

b  i  107,882  +  25,778L) 

bi 

.0841   4-    .0162L) 

132    bL 
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TABLE  XIV 
1:3:6  Concrete— 7=Inch  Slabs 


d 

■  Ultimate  Moment — M^ 

Area  of  Steel — A 

b' 

IS 

b(             2S  +  12.SS0L) 

b( 

.0000  +    .01G2L) 

161     bL 

19 

6(          592  +  1 3.778  L) 

b( 

.0009  +    .0162L) 

153    bL 

20 

b{      1,895  +  1 4,667  L) 

6( 

.0027  +   .0162L) 

147    bL 

22 

b{    ■  6,756  +  16.444  L) 

bi 

.0086  +   .0162L) 

138    bL 

24 

b(    14,672  +  1S.222L) 

b( 

.0164  +    .01G2L) 

131     bL 

26 

b  (    25,676  +  20,0001) 

b( 

.0266  +   .0162L) 

127    bL 

28 

b(    39,783  +  21.7781) 

b( 

.0373  +    .0162L) 

123    bL 

30 

b  (    57,003  +  23.550/.) 

b( 

.0492  +    .0162L) 

120    bL 

32 

b  (    77.342  +  25.333/.) 

b( 

.0618.+    .0162L) 

118    bL 

34 

6(100,802  +  27,1  IIL) 

b( 

.0750  +    .0162L) 

116    bL 

36 

6(127,383  +  28,889L) 

b( 

.0888  +   .0162L) 

114    bL 
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STEAM  AND  HOT  WATER 

FITTING 


5TEAM  BOILERS  AND  CONNECTIONS 

Small  Cast-iron  Boilers.  For  small  low-pressure  steam  heating 
jobs,  boilers  made  up  of  very  few  sections  are  used.  Two  types  are 
illustrated  in  Figs.  1  and 
2.  The  ratings  of  such 
boilers  range,  as  a  rule, 
from  about  200  square 
feet  to  800  square  feet. 
These  figures  and  those 
following  are  intended 
to  give  merely  a  general 
idea  of  the  capacities  of 
boilers  of  various  types. 
There  is  no  hard  and  fast 
rule  governing  the  mat- 
ter, manufacturers  vary- 
ing greatly  in  their  prac- 
tice. The  ratings  men- 
tioned are  given  in  the 
number  of  square  feet  of 
direct  radiation  the  boiler 
is  rated  to  supply,  with 
steam  at  from  3  to  5 
pounds'  pressure  when 
the  radiators  are  sur- 
rounded by  air  at  70°  F. 

Boilers  similar,  in  a 
general  way,  to  the  one 
illustrated   in  Fig.  3  are 

1     p         •    1  1      ,         Fig.  1.    Small  Low-Pressure  Steam  Hetiting  Boiler. 

used  tor  jobs  somewhat  ■ 

larger  than  the  boilers  above  described  would  be  adapted  to.     These 
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boilers  have  grates  ranging   generally  from  18  inches  to  30  inches 
diameter,  and  are  rated  from  about  oOO  scjuare  feet  to  1,000  scjuare 

feet,  or  more. 

The  boilers  above  described  have  the  disadvantage  of  not  being 
capable  of  having  their  grate  surface  increased  by  adding  sections,  as 
mav  readily  be  done  with  boilers  having  vertical  sections. 

Cast-iron  Boilers  with  Vertical  Sections.     Boilers  for  jobs  having 


Fig.  2.    SiiuiU  Low-Pressure  Steam  Heating  Boiler. 

anywhere  from  500  to  5,000  sciuare  feet  of  surface,  or  more,  are  made 
up  of  vertical  sections,  as  in  Fig.  4,  connected  either  by  slip  nipples  or 
by  drums  and  nipples  with  long  screws  and  lock-nuts. 

Yery  many  slip-nipple  boilers  are  now  being  manufactured,  find- 
ing favor  with  fitters  owing  to  the  ease  with  which  they  can  be  erected. 
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The  larger  sizes  of  vertical  sectional  boilers  are  often  made  up  of 
two  sets  of  sections  placed  opposite  each  other,  as  shown  in  Fig.  5. 
Such  boilers  are  rated  up  to  6,000  square  feet  and  over. 

Arrangement  of  Grates.     Certain  makers,  in  order  to.  avoid  mak- 
ing patterns  for  a  boiler 
with  a  wide  grate,  secure 
the   necessary  grate  sur- 
face   by    adding    to    the 
length.     For    ordinary 
low-pressure  heating,  the 
efficiency  of    an^ 
over    G    feet   in 
falls   off    very   rapidly, 
owing  to  tlie  difficulty  of 
properly  caring   for  the 
fire.     Six  feet  should  be 
considered    about    the 
limit  for  the  length  of  a 
grate 


grate 
length 


low- 


m    a   low-pressure 
boiler. 

Not  long  ago  few 
portable  boilers  with 
grates  wider  than  36 
inches  were  manufac- 
tured. Now,  boilers  with 
42-inch,  4S-inch,  and 
even  wider  grates,  are 
common. 

Selection  of  Boilers. 
It  is  well  in  selectino;  a 
boiler,  to  see  that  the 
proportion  of  heating 
surface  to  grate  surface 
is  not  less  than  16  to  1, 
and  in  large  boilers  not  ris.  3.   steam  Heating  Boiler, 

less  than  20  to  1 ;  that  the  fire-box  is  deep,  so  that  ample  coal  may 
be  put  on  to  burn  through  the  night;  that  the  grate  is  not  too  long 
for  convenient  firing  and  cleaning;  that  there  is  ample  steam  space; 
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and  that  the  water  line  is  not  broken  into  too  manv  small  areas  involv- 
ing  the  likelihood  that  water  will  be  lifted  by  rapid  evaporation  and 
wet  steam  result.  See  to  it,  also,  that  the  ash-pit  is  deep,  and  that 
the  grate  is  of  a  design  that  will  permit  convenient  operation  of  the 
boiler. 

On  large  jobs,  it  is  better,  as  a  rule,  to  use  two  boilers.  One 
must  remember  that  a  plaat  must  be  designed  for  the  coldest  weather; 

and  since  the  average 
temperature  during  the 
heating  season  is,  in 
manv  Northern  sections, 
not  far  from  40°,  one  of 
a  pair  of  l)oilers  will  be 
sufficient  under  average 
conditions  to  do  the 
work  with  economy; 
whereas  a  single,  large 
boiler,  during  a  good 
])art  of  the  heating  sea- 
son, would  have  to  be 
run  with  drafts  checked 
and  under  very  unfavor- 
able conditions  as  to 
economy.  It  is  almost 
as  poor  economy  to  have 
too  large  a  boiler  as  to 
Pig.  4.    Steam  Heating  Boiler  with  Vertical  Sections.     Knyp   one   too   sni'lU     for 

if  run  with  the  feed-door  ()j)eu  or  drafts  closely  checked,  incom- 
plete combustion  takes  place. 

Boilers  for  Soft  Coal.  Some  boilers  for  burning  soft  coal  are 
arranged  with  a  perforated  pipe  or  duct  discharging  heated  air  above 
the  fire  to  make  the  combustion  more  complete  and  thus  diminish  the 
amount  of  smoke  given  off.  This  arrangement  is  of  somewhat  doubt- 
ful utility,  since  it  is  difficult  to  heat  the  air  properly,  and  to  regulate 
its  admission. 

It  is  necessary,  for  soft  coal  boilers,  that  the  flues  and  smoke-pipe^ 
be  larger  than  for  hard  coal  heaters,  in  order  to  provide  for  the  more 
rapid  accumulation  of  soot.     Soft  coal  boilers  are  also  built  on  the 
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down-draft  principle,  the  air  being  drawn  down  through  the  fire  in- 
stead of  passing  upward  in  the  usual  manner. 

Coke  Boilers.     Coke  is  a  popular  fuel  in  some  parts  of  the  coun- 


Fig.  5.    Vertical  Sectional  Boiler. 


try;  and  certain  makers  are  putting  out  specially  designed  boilers 
foi-  this  ser^'ice,  having  a  very  deep  fire-box. 

Boiler  Setting  and  Foundations.     Brick  setting  of  boilers,  as 


Fig.  6.    Boiler  iu  Brick  Seitiug. 


in  the  case  of  furnaces,  has  been  quite  generally  discarded,  except 
in  cases  where  the  space  around  and  above  the  boiler  is  used  as  a  cen- 
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tral  heating  chamber  for  indirect  systems,  tlie  radiators  l)eing  placed 

above  the  heater  (see  Fig.  6).     The  pipes  lead  off  as  in  furnace  heating. 

The  ash-pits  under  most  boilers  are  rather  shallow;  therefore 


Fig.  7.    Pit  for  Collection  of  Hot  Ashes. 

it  is  a  good  plan  to  excavate  and  build  a  pit  not  less  than  4  to  G  inches 
below  the  floor,  to  give  additional  space  for  the  collection  of  hot  ashes, 
thus  avoiding  the  burning-out  of  grates.     Such  pits  should  be  built 

preferably  of  brick,  and  the 
bottom  should  be  paved  with 
bricks  on  edge,  to  prevent 
their  being  easily  dislodged. 
Fig.  7  shows  the  general  ar- 
rangement of  an  ash-pit  built 
as  described. 

Boiler  Connections.  Small 
jobs  frequently  have  no  stop 
valves  at  the  boiler.  In  the 
case  of  larger  ones,  or  where 
there  are  two  boilers,  valves 
in  the  supply  mains  must  al- 
ways be  accompanied  with 
check  valves  in  the  returns; 
otherwise,  in  case  a  stop  valve 
in  the  main  steam  line  is 
closed,  the  water  will  be 
backed  out  of  the  main  returns 
at  the  boiler,  by  the  pressure.  Should  the  water  partially  leave  the 
boiler  in  this  manner  and  then  suddenly  return,  the  water  coming  in 
contact  with  the  heated  sections  will  crack  them. 

A  stop  valve  should  be  placed  between  the  boiler  and  the  check 
valve  in  the  return.     A  typical  arrangement  of  return,  etc.,  is  shown 


Fig.  8. 


-  Check  Valve 
^f^ain  return  in  duct 

Typical  Arrangenmut  of  Return, 
Showing  Check  Valve. 
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in  Fig.  S.  It  is  convenient  to  have  an  independent  drain  connection 
from  the  returns  to  provide  for  drawing  off  the  water  in  the  system 
without  emptying  the  water  from  the  boiler.  The  latter,  of  course, 
has  its  independent  blow-off  cock.  The  water  supply  to  the  boiler 
should  be  controlled  bv  a  lock-shield  valve  or  a  cock  that  cannot  be 
tampered  with  by  any  person  not  in  charge.  Boilers  having  eight 
sections  or  more,  as  a  rule,  have  two  or  more  steam  outlets,  thus  re- 
ducing the  likelihood  of  the  boiler  priming  or  making  wet  steam,  since, 
with  a  single  outlet,  the  velocity  of  steam  through  it  may  be  so  great 
that  the  water  is  picked  up  and  carried  into  the  piping  system. 


Main 
Return 


Fig.  9.    Method  of  Connecting  Two  Boilers. 


"\Mien  two  boilers  are  to  be  connected,  especial  care  must  be  taken 
to  make  them  maintain  an  even  water  line  when  working  together. 
Fig.  9  shows  a  method  of  making  these  connections  that  is  simple  and 
effective.  The  valved  connection  between  the  two  boilers,  below 
the  water,  gives  free  communication  between  them,  making  them  work 
as  one  and  preventing  a  difference  in  the  water  level  in  the  two  boilers. 
The  equalizing  pipe  is  often  omitted,  the  header  being  made  about 
twice  the  diameter  of  the  pipes  leading  to  it  from  the  boilers. 

The  returns  are  connected  with  the  twin  boilers  practically  as 
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shown  in  Fig.  S,  the  check  valve  lieing  placed  between  the  stop  valve 
of  each  boiler  and  the  main  return. 

Boiler  Fittings  or  Trimmings.  It  is  important  to  have  a  reliable 
safety-valve,  preferably  one  of  the  "pop"  type  specially  designed  for 
steam  heating  systems. 

The  damper  regulators  used  are  of  the  ordinary  diaphragm  pat- 
tern, and  should  be  connected  by  chains  with  both  the  lower  draft  door 
below  the  grate,  and  with  the  cold-air  check  in  the  smoke  connection. 

The  steam  gauge  with  siphon,  the  water  column,  water  gauge, 
gauge  cocks,  etc.,  require  no  special  description. 

Capacity  of  Boilers.  Boiler  capacities  are  commonly  expressed 
in  the  number  of  square  feet  of  direct  radiating  surface  they  will  supply 
without  undue  forcing.  ]\Iains  and  risers  should,  of  course,  be  added 
to  the  actual  amount  of  surface  in  the  radiators  and  coils.  Even  if 
the  pipes  are  covered,  a  small  allowance  should  be  added  to  the  com- 
bined surface  of  the  radiators.  Not  less  than  50  per  cent,  and  pre- 
ferably GO  per  cent,  must  be  added  to  indirect  radiation,  to  reduce  it  to 
equivalent  direct  radiation;  and  not  less  than  25  to  30  per  cent  to  di- 
rect-indirect radiation,  to  get  its  equivalent  in  direct  surface.  Another 
point  to  be  kept  in  mind  in  selecting  a  boiler  for  heating  rooms  to  be 
kept  at  different  temperatures,  is  that  more  heat  is  given  off  per  square 
foot  of  radiation  in  a  room  at  50°,  for  example,  than  in  a  room  kept 
at  70°,  the  amount  given  off  being  approximately  proportional  to  the 
difference  in  temperature  between  the  steam  and  the  air.  With  steam 
at,  say,  220°,  corresponding  to  a  trifle  over  2  pounds'  pressure,  the 
difTcrence,  in  the  case  assumed,  would  be  220° -50°  =  170°, and  220°- 
70°  =  150°.  .That  is,  the  actual  amount  of  radiation  in  the  rooms 
to  be  kept  at  50°  should  be  multiplied  by  ||-j  to  ascertain  the  amount 
of  radiation  in  a  70°  room  that  would  give  off  the  same  amount  of  heat. 

It  is  common  practice  to  allow  roughly  for  the  loss  of  heat  from 
uncovered  mains,  branches,  and  risers,  by  adding  about  25  per  cent  to 
the  actual  direct  radiating  surface  in  radiators  and  coils. 

Example.  What  should  be  the  capacity  of  a  boiler  to  supply 
.steam  to  1,000  square  feet  of  direct  radiation  in  a  room  to  be  kept  at 
70°,  to  800  square  feet  of  indirect  radiation;  and  to  1,500  square  feet  of 
direct  radiation,  in  rooms  to  be  kept  at  50°  F.? 
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Direct  radiation  1  OOO  sq.  ft. 

Equivalent  in  direct  radiation  of  SOO  sq.  ft.  of 

indirect  =  800  X  U  =  1,200  "     " 
Equivalent  in  direct  radiation,  in  rooms  at  70°,  of  1,500  sq.  ft. 

in  rooms  at  50°  =  i|  X  1,500  =  1,700   "    " 
Total  equivalent  D.  R.  S.  (direct  radiating  surface)  exposed 

in  70°  air  =  3,900  sq.  ft. 
Add  25  per  cent  of  actual  surface  to  allow  approxi- 
mately for  piping  =     825    "    " 

Total  equivalent  D.  R.  S.,  or  Boiler  Rating  =  4,725  sq.  ft. 

Grate  Surface  and  Heating  Capacity.  It  is  advisable  always  to 
check  the  catalogue  ratings  of  boilers  as  follows,  when  selecting  one 
for  a  given  service : 

Suppose  the  Direct  Radiating  Surface,  including  piping,  is  3,000 
square  feet.  One  square  foot,  it  may  be  assumed,  will  give  off  about 
250  heat  units  in  one  hour — a  heat  unit  being  the  amount  of  heat 
necessary  to  raise  the  temperature  of  1  pound  of  water  1  degree  Fahren- 
heit. A  pound  of  coal  may  safely  be  counted  on  to  give  off  to  the  water 
in  the  boiler  8,000  heat  units.  Now,  3,000  sq.  ft.  X^250  heat  units 
-^  8,000  heat  units,  gives  the  amount  of  coal  burned  per  hour;  and  this, 
divided  by  the  square  feet  of  grate,  gives  the  rate  of  combustion  per 
square  foot  per  hour.     Suppose  in  this  case,  the  grate  has  an  area  of 

.       ,       3000  X  250 
15  sq.  tt. ;  then  ^^  =  6.25  pounds  coal  burned  per  square  foot 

of  grate  surface  per  hour.  This  is  not  a  high  rate  for  boilers  of  thi.s 
size,  though  for  ordinary  house-heating  boilers  the  rate  should  not 
exceed  5  pounds;  and  for  small  heaters  having  2  to  4  square  feet  of 
grate,  the  rate  should  be  as  low  as  3  to  4  pounds  per  square  foot  of 
grate  per  hour.  Otherwise,  more  frequent  attention  will  be  required 
than  it  is  convenient  to  give  to  the  operation  of  such  small  boilers. 
This  is  where  depth  of  fire-box  plays  an  important  part,  for,  with  a 
shallow  fire,  the  coal  quickly  burns  through,  necessitating  frequent 
firing. 

Coal  Consumption.  For  house-heating  boilers  a  fair  maximum 
rate  of  combustion  is  5  pounds  per  square  foot  of  grate  per  hour.  In 
many  residences  it  is  the  custom  to  bank  the  fire  at  night,  when  the 
rate  will  fall  to,  say,  1  pound.  In  cold  weather,  then,  one  square  foot 
of  grate  would  burn  5  pounds  of  coal  for  each  of  10  hours,  and  1  pound 
during  each  of  the  remaining  8  hours,  a  total  of  80  +  8  =  88  pounds. 
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In  many  sections  of  the  country,  the  average  outside  temperature  (hir- 
ing the  heating  season  is  about  40°;  and  since  the  heat  required  is 
proportional  to  the  difference  in  temperature  between  indoors  and 

70'^  _  40° 
outside,  the  average  coal  consumption  would  be  only  ^  ^  _    ^   =  ^  of 

the  maximum  in  zero  weather. 

With  a  heating  season  of  200  days,  the  coal  burned  on  one  sqilare 
foot  of  grate  would  be  200  X  ,-  X  88  =  7,600  pounds  in  round  num- 
bers, corresponding  to  an  average  rate    throughout    the    season  of 

7,000  pounds  . 

-,,  ,  ' — ^r-r-j =  l.C)  pounds  approxiraatelv. 

200  days  X  24  hrs.  ^  ^^ 

A  method  of  approximating  the  coal  consumption  for  a  given 
amount  of  radiating  surface,  designed  to  maintain  a  constant  tem- 
perature in  rooms  of  70°  day  and  night,  would  be  to  multiply  the 
surface  (which,  for  example,  take  at  1,000  square  feet,  including 
allowance  for  mains)  by  250  heat  units — the  amount  given  off  by  a 
square  foot  per  hour — and  then  multiply  the  product  by  ^,  as  explain- 
ed above,  to  allow  for  average  conditions.  This  gives  1,000  X  250 
X  I,  which,  divided  by  8,000  heat  units  per  pound  of  coal,  gives  the 
weight  of  coal  required  per  hour;  and  this,  multiplied  by  the  hours 
per  season,  gives  the  total  consumption. 

Non-Conducting  Coverings.  It  is  customary  to  cover  cast-iron 
sectional  boilers  with  non-conducting  material  composed  as  a  rule 
chiefly  of  asbestos  or  magnesia  applied  in  a  coating  IHo  2  inches  thick, 
the  exterior  being  finished  hard  and  smooth. 

Exposed  basement  piping  in  first-class  work  is  covered,  with  sec- 
tional covering  f  inch  to  1  inch  thick,  according  to  the  character  of 
the  work. 

The  loss  of  heat  through  fairly  good  coverings,  is  not  far  from 
20  per  cent  of  the  loss  from  a  bare  pipe,  which,  with  low-pressure 
steam,  is  approximately  2  heat  units  per  square  foot  per  hour  for  each 
degree  difference  in  temperature  between  the  steam  and  the  surround- 
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STEAM  RADIATORS  AND  COILS 

Direct  Radiators.  The  commonest  forms  of  radiators  to-day 
are  the  cast  iron  vertical  loop  varieties,  types  of  which  are  shown 
in  Figs.  2  and  13  in  Part  I  (Heating  and  Ventilation).     These  are 
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matie  up  with  slip-nipple  or  screw-nipple  connections,  the  standard 
height  being  about  36  to  38  inches. 

It  is,  of  course,  advisable  to  use  radiators  of  standard  height  when 
possible,  since  they  are  cheaper  than  the  lower  radiators,  which  must 


Fig.  10.    Low  Radiator  to  be  Placed  Below  Window  Sill. 

be  used  when  placed  below  window  sills  (see  Fig.  10).     Single-column 

radiators  are  more  effective  than  those  having  a  greater  number  oi 

vertical  loops,  since  in  the  latter  the   air   flow  is  retarded  and  the 

outer  loops  cut  off  the  radiant  heat 

from  the  inner  ones.    Radiators  with 

four  or  more  columns  are  generally 

used  where  the  length  of  the  space 

in  which  they  must  be  placed  is 

limited. 

Wall  radiators  (see  Fig.  4,  Part 
I,  Heating  and  Ventilation)  have 
become  very  popular  because  of 
their  neat  appearance  and  the  small 
distance  they  project  into  the  room. 
They  are  \ery  effective  heaters,  and, 
although  more  expensive  than  cer- 
tain other  types  of  cast-iron  radia- 
tors, less  surface  is  required,  which 
tends  to  offset  the  increased  cost.  These  radiators  are  made  up  in 
such  a  variety  of  forms  that  they  can  be  adapted  to  almost  any 
location. 


Fig.  11.    Concealed  Radiator  with 
Riegister  Face. 


Concealed  Radiators. 


A  favorite  method  of  concealing  radiators 
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is  to  place  them  below  window-sills,  with  a  grating  or  register  face  in 
front  of  and  above  them,  as  shown  in  Fig.  11.  By  this  arrangement, 
the  radiant  heat  is  to  a  great  extent  cut  off.  The  gratings  must  have 
ample  area  to  permit  the  free  circulation  of  air,  and  should  have  not 


Fig,  13.    Radiator  for  Use  without  Gratings. 

less  than  2  or  2h  square  inches  of  free  area  to  each  square  foot  of 
radiating  surface,  for  inlets  and  outlets  respectively.  •  It  is  advisable 
to  increase  these  allowances  slightly  when  possible. 

The  same  rule  applies  to  radiators  placed  below  seats.     A  radia- 
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Fig.  13.    Hook  Plates. 


,.  Floor  , 

Fig.  14.    Expansion  Plates. 


tor  designed  specially  for  this  purpose,  for  use  without  gratings,  is 
shown  in  Fig.  12. 

Wall  Coils.     An  ordinary  wall  coil  or  manifold  coil,  made  up 
generally  of  1  |-inch  pipe,  with  branch  tees  or  manifolds,  is  illustrated 


146 


STEAM  AND  HOT  WATER  FITTING 


13 


in  Fig.  39,  Part  I  (Heating  and  Ventilotion).  The  long  runs  of  such 
coils  rest  on  book  plates  (Fig.  13);  the  short  pipes  near  the  corner,  on 
expansion  plates  (Fig.  14),  on  which  the  pipes  are  free  to  move  when 
the  long  pipes  expand.  Such  coils  are  very  effective  when  placed 
below  the  windows  of  a  factory,  in  which  class  of  buildings  they  find 
their  widest  application. 

Miter  Coils.    Miter  coils,  as  shown  in  Fig.  15,  are  used  for  over- 
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Fig.  1.5.    Miter  Coils  for  Overhead  Heating. 

head  heating,  the  coils  being  suspended  about  8  to 
10  feet  from  the  floor,  and  3  to  4  feet  from  the  walls. 
A  good  type  of  hanger  is  shown  in  Fig.  16.  The 
same  type  of  coily  when  placed  alongside  a  wall,  is 
known  in  certain  sections  as  a  Ifiar'p  coil  (see  Fig.  17), 
and  may  be  used  where  long  runs  must  be  made  along  a  wall,  but 
where  it  is  impossible  to  install  the  type  of  coil  shown  in  Fio-.  39, 
Part  I  (Heating  and  Ventilation),  owing  to  doorways  or  otlier  ob- 
structions. Two  harp  coils  could  be  used  along  a  wall,  for  example, 
avoiding  a  doorway;  and  the  expan- 
sion of  the  pipes  would  be  pro- 
vided for  by  the  short  vertical  lines. 
Return-Bend  Coils.  Return- 
bend  coils,  known  in  some  parts  of 
the  country  as  trombone  coils,  are 
shown  in  Fig.  40,  Part  I  (Heating 
and  Ventilation).  These  are  suit- 
able only  for  rather  short  runs,  since 
the  steam  must  pass  through  the 
several  horizontal  pipes  successively, 
and,  if  the  radiating  surface  is  greater  than  the  capacity  of  the  upper 
line  of  pipe  to  supply  it  properly,  the  steam  is  condensed  before  reach- 
ing the  lower  lines.  With  the  harp  or  other  coils  having  headers  or 
branch  tees,  sufficient  steam  can  enter  to  fill  all  the  pipes  at  once,  pass- 
ing through  the  parallel  lines  at  the  same  time. 


£yeBolt 


^ 


Fig.  16. 


An  Approved  Type  of 
Hanger. 
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Direct-Indirect  Radiators.  A  direct-indirect  radiator  is  shown 
in  Fig.  IS.  The  air  enters  through  a  louver- 
ed  or  slatted  wall  opening  with  screen.  Pro- 
vision is  made  to  shut  this  off  and  admit  air 
simultaneously  from  the  room,  making  the 
radiator  essentially  a  direct  radiator  when  the 
cold  air  is  ohut  off.  The  best  location  for  the 
cold-air  opening  is  probably  just  below  the 
sills,  the  wall  boxes  being  less  conspicuous  in 
this  position. 

Two    forms    of    indirect    radiators    are 


}>i^y/yyy/y/^/yyyy///}/////y///y/y/^^^^^ 


Fig.  17.    Harp  Coll. 

shown  in  Fig.  7,  Part  I,  and  Fig.  3,  Part  II  (Heating  and  Ventila- 
tion), the  shallow  sections  being 
used  largely  for  house  heating, 
the  deep  ones  for  schoolhouse 
systems.     The  latter  arc  provided 

with  extra  long  nipples  for  spac- 

■5/atfed        ~'  "  ' 


Opening 


Fresh  Air 
Duct 


ino;  the  sections  about  4  inches  on 
centers,  to  give  a  proper  passage 
for  a  large  volume  of  air. 

Indirect  Radiators.    The  in- 
direct   radiators  are  enclosed   in 
hamper  FronT^    galvauizcd-iron  casings  about  30 
/Poo/77  \    inches  deep,  giving  a  space  of  6 
or  8  inches  above  and  below  the 

Fig.  18.    Direct-Indirect  Radiator.  ,.  rr<i        i  iV 

rachators.     Ihe  beams  over  the 
radiators  are  commonly  covered  with  rough  boards,  to  which  tin  or 
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Flue 


-A5ptra= 
ting  Coil 


tin  and  asbestos  is  nailed,  the  casing  being  flanged  at  the  top  and 
screwed  or  nailed  to  these  boards. 

The  casings  should  be  made  with  corners  of  a  type  that  will  per- 
mit tlie  ready  removal  of  the  sides  in  case 
of  repairs  being  needed;  and  the  bottom 
of  the  casing  should  be  provided  with  a 
slide  for  inspection  and  cleaning.  The 
larger  sections,  when  used  for  schoolhouse 
heating,  are  arranged  as  shown  in  Fig.  19, 
with  a  mixing  damper  designed  to  cause 
a  mingling  of  the  warm  and  cold  air  in 
the  flue,  the  volume  discharged  being  but 
sliglitly  reduced,  with  a  decrease  in  tem- 
perature due  to  opening  the  damper  to 
cold  air.  The  space  for  the  passage  of 
air  between  the  shallow  sections  contain- 
ing about  10  square  feet  each,  is  about  \ 
of  a  foot;  the  space  between  the  sections 
of  the  deep  pattern  is  not  far  from  \  a 
foot  when  the  sections  are  properly  spaced. 

Heat  Given  Off  by  Steam  Radiators. 
Of  the  heat  emitted  by  direct  radiators, 
approximately  one-half  is  by  radiation,  the  balance  by  convection  or 
the  contact  of  air.  Since  practically  no  heat  is  radiated  from  con- 
cealed radiators,  it  is  very  important  that  proper  provision  should  be 
made  for  the  passage  of  an  adequate  volume  of  air  over  the  heatirg 
surface. 


Chain 


\\-Weigrht 

Mixing 
Damper 


'ww^w^w^w^'mw^^^ 


Fig.  IS.    Arrangement  of  Cas- 
ings for  Use  in  Connection 
with  Indirect  Radiators. 


TABLE  I 
Heat  Units  Emitted  from  Radiators  and  Coils 

Radiation  per  square  foot  of  radiating  surface  per  hour.— In  rooms  at  70"  F.  tempera- 
ture.—With  steam  at  3  to  5  pounds'  pressure. 

Type  of  Radlitor  Heat  Units  Emtttkd 

(Approximate) 

Concealed  cast-iron  direct  radiators 175-200 

Ordinary  cast-iron  vertical-section  radiators 250 

Wall  radiators 300 

Pipe   coils  on  walls 325 

Pipe  coils  overhead  (pipes  side  by  side) 350 

Ordinary  cast-iron  extended-surface   indirect  radiators  (air 

admitted  from   outdoors) 400 
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Wall  radiators  and  coils  give  off  more  heat  under  the  same  con- 
ditions than  is  emitted  by  ordinary  vertical  cast-iron  radiators. 

INIuch  might  be  said  regarding  the  efficiency  of  radiators  due  to 
their  height,  form,  and  arrangement.  For  the  purposes  of  this  course, 
however,  only  fair  average  values  will  be  given,  as  set  forth  in  Table  I, 
a  discussion  of  radiator  tests,  etc.,  being  omitted  to  avoid  unnecessary 
detail. 

STEAM  PIPING 

Size  of  Main  for  Circuit  System.  Since  the  main  of  a  circuit 
system,  as  described  in  Part  I  (Heating  and  Ventilation),  must  carry 
both  steam  and  water  of  condensation,  it  should  be  made  considerably 
larger  in  proportion  to  the  surface  supplied  than  mains  which  are  drip- 
ped at  intervals  or  which  carry  only  the  condensation  from  the  main 
itself. 

Sizes,  ample  for  circuit  mains  of  ordinary  length,  are  indicated 
in  the  accompanying  table: 

TABLE  II 

Sizes  of  Circuit  Mains 

Diameter  of  Cikcuit  Main  Direct  Ramating  Sukfacb 

2    inches  200  sq.  ft. 

2h      "  350  "     " 

3'       "  GOO  "    "  • 

3.V      "  900  "    " 

4  "  1,200  "    " 
4i      "  1,700  "    " 

5  "  2,100  "    " 

6  "  3,000  "    " 

Dry  Return  System.  In  many  cases  it  is  desirable  to  run  the 
supply  and  return  mains  overhead.  Such  systems  contiiin  less  water 
than  wet  return  systems,  and  are  therefore  more  susceptible  to  changes 
in  the  fire,  because  of  the  smaller  quantity  of  water  in  the  apparatus. 
The  return  mains  must  be  made  larger  than  when  they  are  placed 
below  the  water  line,  since  they  are  filled  with  steam,  except  the  space 
occupied  by  the  return  water  running  along  the  bottom.  The  pipes 
should  have  a  greater  pitch  than  wet  returns. 

With  dry'  returns,  if  certain  supply  risers  are  of  inadequate  size, 
steam  is  apt  to  back  up  into  the  radiator  through  the  drA' returns  and  to 
cause  a  holding-back  of  the  water  in  the  radiators.    To  prevent  this, 
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check  valves  are  sometimes  introduced  in  the  branch  returns.     If  the 

piping  is  properly  proportioned,  however,  this  is  unnecessary.     Siphon 

drips  are    frequently  used,  as 

explained  in  Part  I   (Heating 

and  Ventilation). 

Wet  Return  Systems.  This 

system,  illustrated   in  Fig.  20, 

provides  for  water  sealing  all 

returns  and  drips,  and  avoids 

the    bacldng-up    action   men- 
tioned above.     Suppose,    for 

example,  the  pressure  in  one  of 

tWe  vertical  returns  is  j  pound 

less  than  in  the  others;  then, 

since  a  column  of  water  2.3 

feet   high    corresponds    to    1 

pound  pressure,  the  water  will 

back  up  this  particular  return 

about  1.15  feet  higher  than  in 

the  others    and  thus  equahze 

the  difference  in  pressure.     Where  the  mains  must  be  long,  the  wet 

return  system  affords  the  opportunity  to  rise  and  drip  the  supply 

main  as  often  as  necessary;  whereas,  with  the  diy  return  system, 

the  main  and  return  have 
a  gradual  pitch  from  start 
to  finish.  This  often 
brings  the  return  so  low  as 
to  interfere  with  head  room. 
\Yith  the  wet  return  system 
the  return  may  be  dropped 
below  the  floor  line  at  door- 
wavs  without  interfering 
with  the  circulation.  The 
sizes  of  wet  returns  may  be 
made  considerably  smaller 
than  dry  returns  for  a  given 


Fig.  20.    Wet  Return  Srstem. 
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Fig.  21.    Overhead  Feed  System. 

radiating  surface,  as  shown  in  Table  III. 

Overhead  Feed  System.    The  overhead  feed  system  (see  Fig.  21) 
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Fig.  23.    Outlet  Taken  from  Bottom  of  Main. 


is  most  commonly  ii.sed  in  connection  with  exliaust  steam  plants, 
since  in  such  systems  the  exhaust  pipe  from  the  engines  must  be  car- 
ried to  the  roof,  and  the  steam  supply  to  the  building  may  conven- 
iently be  taken  from  a  tee  near  the  upper  end  of  this  pipe.     The  main 

should  be  pitched  down,  and 
outlets  taken  from  the  bottom, 
to  drain  the  condensation 
through  the  risers  (see  Fig. 
22).  With  this  system  the 
water  of  condensation  alwayj 
flows  in  the  same  direction  as 
the  steam;  hence  the  horizon- 
tal pipes  and  the  risers  may 
be  made  somewhat  smaller 
than  in  up-feed  systems. 

This  system  has  the  ad- 
vantage of  placing  the  big 
pipes  in  the  attic,  where  their 
heating  effect  is  less  objectionable  than  in  the  basement.  As  the  pipes 
gradually  decrease  in  size  from  top  to  bottom,  this  gives  small  pipes 
on  the  lower  floors,  which  in  modern  buildings  generally  contain  a  few 
large  rooms  and  little  space  for 
concealing  pipes.  It  is  fre- 
cpiently  advisable  to  combine 
with  this  system  the  up-feed 
method  of  heating  the  first  floor, 
which  is  generally  high-studded 
and  requires  a  large  amount  of 
radiation.  Relieving  the  down- 
feed  system  of  this  load  means 
smaller  risers  throughout  the 
building,  which,  in  the  modern 
sky-scraper,  results  in  a  saving 
that  more  than  offsets  the  cost  of  '^'  "* '   "  '^'  °^   ^^^^' 

the  .sej)arate  up-feed  system  for  the  lower  floor.  Another  reason  why 
it  is  advisable  to  put  the  lower  floor  on  a  separate  system,  is  that  the 
steam  is  dry,  whereas  the  steam  from  an  ovei'head  system  becomes 
pretty  wet  from  condensation  by  the  time  it  reaches  the  lower  floor. 


Oi'srHead 
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Fig.  24.    Arrangement  to  Rise  and 
Drip  in  Mains  at  Intervals. 


One-Pipe  System.  The  one-pipe  up-feed  system  is  most  com- 
monly used  in  connection  with  relatively  small  heating  plants.  It  has 
the  advantage  of  simplicity,  there  being  but  a  single  valve  to  operate. 
In  tall  buildings  with  the  up-feed  system,  the  risers  must  be  objection- 
ably large  to  provide  for  the  pas- 
sage of  steam  up,  and  water  of 
condensation  down,  the  same 
pipe.  With  the  overhead  sys- 
tem, the  risers  may  be  made  con- 
siderably smaller,  since  the  water 
is  not  hindered  in  its  passage  by 
a  flow  of  steam  in  the  opposite 
direction.  ^Yith  this  one-pipe 
system,  the  radiator  connections 
should  be  short  and  pitched 
downward  toward  the  risers  to 
avoid  pockets.  Wlien  used  in  high  buildings  w^ith  the  overhead  sys- 
tem, the  lower  portion  of  the  risers  must  be  liberally  proportioned, 
otherwise  the  steam  will  become  too  wet. 

The  Two-Pipe  System.    This  system  is  commonly  used  where  the 
radiator  connections  must  be  long  and  where  it  would  be  impossible  to 

secure  a  proper  pitch  to  insure 
-^^00^ good  drainage  with  one-pipe  ra- 
diator connections.  Coils  are 
nearly  alw^ays  made  up  with  two- 
pipe  connections.  In  high  build- 
ings, where  a  large  amount  of 
radiation  must  be  carried  by 
each  riser,  thev  mav  be  made 
smaller  if  two-pipe  connections 
are  made  with  the  radiators. 
This  is  often  a  decided  advan- 
tage, especially  if  the  risers  are  to 
be  concealed. 

'  Draining  Mains  and  Risers.  ^Yith  long  mains,  it  frequently  is 
the  case  that  if  given  a  continuous  pitch  they  would  be  too  low  at  the 
extreme  ends;  and  it  i» therefore  customary  to  rise  and  drip  at  intervals, 
as  shown  in  Figs.  23  and  24. 
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Pig.  35.    Arrangement  for  Draining 
■with  Indirect  System. 
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Riser  Draining 
To  Main 


The  siphon  trap  (Fig.  23)  prevents  a  greater  pressure  being  in- 
troduced along  the  overhead  return  tlian  occurs  at  the  extreme  end, 
since  any  excess  in  pressure  at  an  intermecHate  point  merely  forces 
down  the  water  in  the  inlet  leg  of  the  siphon  trap  to  a  point  where  the 

difference  in  pressure  in  the  two 
mains  is  equalized  by  the  higher 
level  of  water  maintained  in  the 
outlet  pipe  of  the  syphon  trap. 

With  indirect  systems,  the 
mains  are  fref[uently  drained 
through  the  benches  or  stacks  of 
radiators,  tli«  connections  being 
taken  from  the  bottom  of  the 
main.  It  is  assumed  that  all  the 
indirects  will  not  be  shut  off  at 
the  same  time  (see  F'ig.  25). 

INIains  and  risers  are  com- 
monly drained  as  shown  in  Fig. 
20,  connections  being  taken  from 
the  bottom  of  the  main  and  the  heel  of  the  riser.  Risers  are  not  in- 
frecjuently  drained  to  the  main,  which  in  turn  is  drained  at  the  end 
(see  Fig.  20).     This  arrangement  requires  less  fitting  than  when  the 

"VEciualizincf  Pipe 


Fig.  26.    Rlsei's  Drained  to  Main  and  Main 
Di-aiiied  at  End. 
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Fig.  27.    Sbowiug  Arlilicial  Water  Line. 

risers  are  relieved  at  the  base,  as  shown  in  Fig.  20.  If  the  mains 
are  long,  they  should  be  dripped  at  intervals  of  50  to  75  feet. 

Overhead-feed  mains  on  a  down-feed  system  are  nearly  always 
dripped  from  the  bottom  to  the  various  risers,  as  previously  stated. 

Artificial  Water  Line.     It  is  sometimes  necessarv.  when  a  boiler 
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iztno 
Pipe 


Fig.  28.    Water  Line  Trap  with  Equalizing  Pipe. 


i.s  set  very  low  with  reference  to  the  returns,  and  it  is  desired  to  use  a 
wet  return  system,  to  seal  the  relief  pipes  by  means  of  an  artificial 
water  line  established  as  shown  in  Fig.  27.  The  equalizing  pipe  is  to 
be  connected  with  a  steam  main. 

When  the  discharge  from  the  system  leads  to  an  open  return,  a 
trap  must  be  used.     One  of 

the  type  shown  in  Fig.  28,  -A        rW&Pb 

arranged  with  an  equalizing 
pipe  and  set  at  the  proper 
level,  will  hold  the  water 
line  in  the  system,  no  stand- 
pipe  being  required. 

Pipe  Sizes.  —  Mains. 
The  capacities  of  pipes  to 
supply  heating  surface  in- 
crease more  rapidly  than 
their  sectional  areas;  that 
is,  a  6-inch  pipe,  with  about 
four  times  the  area  of  a  3- 
inch  pipe,  will  supply  nearly  six  times  as  much  surface. 

Table  III  shows  the  amounts  of  radiating  surface  in  o-ravitv- 
return  systems  which  main  pipes  100  feet  long,  of  different  diameters, 
may  be  safely  counted  on  to  supply  with  low-pressure  steam  (say,  3  to 
5  lbs.). 

In  case  the  radiating  surface  is  located  some  distance  above  the 
water  line  in  the  boiler,  the  carrying  capacity  of  the  pipes  may  be 
increased  as  much  as  50  per  cent,  owing  to  the  greater  drop  in  pressure 
that  may  be  allowed  without  interfering  with  the  return  of  water  to  the 
boiler. 

Mains  are  frequently  made  much  larger  than  necessary,  simply 
because  the  fact  has  been  overlooked  that  the  radiators  are  located 
well  above  the  boiler,  and  that  a  drop  in  pressure  between  the  boiler 
and  the  end  of  the  main  of  \  lb.,  or  even  more,  would  be  permissible. 

The  greater  the  drop  in  pressure  allowed  the  smaller  may  be  the 
pipe  for  a  given  capacity. 

Pipe  Sizes. — One-Pipe  Risers.  Riser  capacities  are  given  in 
Table  W. 
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TABLE   111 

Capacity  of  Supply  Mains,  Gravity  Return  System,  and 
Size  of  Dry  and  Wet  Returns 

Mains  100  ft.  long.— Steam  at  low  pressure  (3  to  5  lbs.). 


DLiMETEH 

OF  SUPPLY 

Capacity  in 

Direct 

piameteu  of 

DIAMETEIl  OF 

PIPE 

Radiating  Suki".4c:e 

I>KY 

UETUUN 

WET 

KE'rUKN 

1 

inch 

55  sq. 

ft. 

f 

inch 

4 

inch 

1} 

inches 

115  " 

a 

1 

It 

1 

(1 

n 

(1 

175   " 

It 

\\  inches 

U 

inches 

2 

It 

325   " 

It 

n 

ti 

li 

ti 

2h 

(< 

570  " 

It 

2 

It 

n 

II 

3 

<i 

1.000  " 

It 

2h 

It 

2 

•  < 

3i 

11 

1,480  " 

It 

3 

It 

2i 

14 

4 

ii 

2,000  " 

It 

3 

It 

2.^ 

(( 

^ 

(t 

2,770  '• 

It 

3 

II 

2.^ 

is 

5 

a 

3, .500  " 

It 

3^4 

It 

3 

<l 

G 

ti 

5,700   " 

It 

4-5 

It 

3H 

tt 

7 

<i 

8,800   " 

ti 

4-5 

It 

4 

tt 

8 

ti 

12,000  " 

H 

4-5 

It 

4 

It 

10 

11 

20,000  " 

(( 

5-G 

It 

4 

tt 

12 

li 

33,000  " 

It 

5-6 

II 

4-5 

II 

For  lengths  greater  than  100  ft.  and  for  same  drop  in  pressure  as  for  100  ft.,  mxiltiplj' 
the  above  figures  by  0.8  for  150  ft. ;  0.7  for  200  ft. ;  0.6  for  300  ft. ;  0.5  for  400  ft. ;  0.4  for  COO'ft. ; 
and  0.3  for  1 ,000  ft.  When  the  pressm-e  at  the  supply  end  of  the  pipe  can  be  Increased  for 
long  runs  so  that  the  drop  in  pressure  for  each  100  ft.  can  be  the  same,  then  the  figures  in 
the  table  can  be  used  for  long  runs. 

TABLE  IV 
Capacities  of  One=Pipe  Risers 


Size  ( 

OF  Pipe 

1 

inch 

IJ  inches 

li 

2 

2i 

3 

3i 

4 

Capacity, 
Up-Feed 

Capacity, 
Down-Feed 

30  sq.  ft. 

GO  sq.  ft. 

60  "     " 

110  "     " 

120  "     " 

IGO  "     " 

200  "     " 

260  "     " 

300  "    " 

400  "     " 

450  "     " 

600  "     " 

620  "     " 

800  "    " 

800  "     " 

1,000  "     " 

The  capacities  of  the  l-inch  and  1  ^-inch  pipes  for  up-feed  are  somewhat  greater  than 
those  stated;  but  they  are  given  as  above,  since  these  figures  correspond  closely  to  stand- 
ard radiator  tapping,  and  it  is  advisable  to  make  the  i^ipes  of  the  same  size  as  the  tapped 
openings. 

In  high  buildings  with  the  down-feed  system,  the  lower  half  of  tlie 
risers  should  be  based  on  riot  much  more  than  half  the  capacities  stated 
in  the  right-hand  column,  in  order  that  the  pipes  may  be  of  ample  size 
to  carry  off  the  great  amount  of  condensation  from  the  radiators  above, 
without  making  the  steam  too  wet  for  use  in  the  radiators  below.  The 
pipe  to  the  lowest  radiator  connection  should  be  not  less  than  2-inch. 
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Pipe  Sizes. — Two-Pipe  Risers.  With  the  two-pipe  system,  the 
capacity  of  the  risers  is  of  course,  considerably  greater  than  with  the 
.  one-pipe  system,  since  the  condensation  is  carried  off  through  a  sepa- 
rate system  of  returns. 

Table  Y  gives  the  approximate  capacities  of  risers  for  the  two- 
pipe  system. 

TABLE   V 
Capacities  of  Two=Pipe  Risers 


Size,  Supply 

CAPACI'IY, 

Capacity, 

Size,  Return 

RiSKB 

Up-Feed  System 

Down-Feed  System 

Riser 

1 

inch 

50  sq.  ft. 

55  sq. 

ft. 

I 

inch 

H 

inches 

100  "     " 

115  " 

It 

1 

It 

1* 

tc 

150  "     " 

175  " 

tt 

1-U 

inches 

2 

l( 

270  "     " 

325  " 

(t 

1  -u 

2i 

470  "     " 

570  " 

tt 

U-H 

3 

It 

840  "     " 

1,000  " 

tt 

U-H 

3^ 

It 

1,200  "    " 

1,480  " 

ii 

U-2 

4 

it 

1,600  "     " 

2,000  " 

tt 

U-2 

In  buildings 

over  six  stories  high. 

with  the  iip-feed  system, 

use  10  per  cent  less 

surface  than  stated  in  the  third  column,  to  allow  for  the  increased  length  and  con- 
densation. 

Pipe  Sizes,  Indirect.  Supply  connections  with  indirect  radia- 
tors must  be  larger  for  a  given  surface  than  for  direct  radiators. 
The  following  table  gives  ample  sizes  when  the  radiators  are  but 
little  above  the  water  line  of  the  boiler.     Wlien  this  distance  is  con- 

TABLE  VI 

Sizes  of  Supply  Connections  for  indirect  Radiators 

Diameter  of  Pipe 
1     inch 


u 

inches 

u 

2 

2h 

3 

3* 

4 

■^h 

5 

6 

7 

8 

'•' 

Indirect  Radiating  Surface 
Supplied 

40 

sq. 

ft. 

70 

100 

180 

330 

GOO 

900 

1,200 

1,G00 

2,100 

3,400 

5,400 

7,200 

siderable,  the  pipes  may  be  safely  rated  to  supply  one-third  more  sur- 
face; for  a  greater  drop  in  pressure  may  be  allowed  between  the 
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supply  and  the  return  mains,  and  drop  in  pressure  means  a  greater 
velocity  in  the  pipes,  and  consequently  a  greater  flow  of  steam  to  the 
radiators. 

Indirect  radiators  are  seldom  tapped  larger  than  2  inches;  there- 
fore radiators  that  require  larger  connections  should  be  subdivitled  in 
groups. 

STEAM  PRESSURES  AND  TEMPERATURES 

Steam  pressures  and  temperatures  have  a  certain  definite  relation 
to  each  other,  the  temperature  increasing  with  the  pressure,  but  not 
as  rapidly  for  a  given  increase  with  high-pressure  as  with  low-pressure 
steam.  For  example,  with  an  increase  in  pressure  from  10  pounds 
to  20  pounds,  the  temperature  rises  about  19°  F.;  whereas  with  an 
increase  of  10  pounds  from  90  to  100  pounds  the  temperature  increases 

TABLE   VII 
Temperature  of  Steam  at  Various  Pressures 


VAcrrM  (IN 
Inches  ok 
Meucukv) 

Temp.  «r. 

Gaucje  PUESSrRE 
(Lus.  PEii  sg.  IN.) 

Temp.  "F. 

0 

212.1 

0 

212 

5 

203.1 

1.3 

216.3 

10 

192.4 

2.3 

219.4 

12 

.    1S7.5 

3.3 

222.4 

11 

,  182.1 

4.3 

225.2 

16 

'  176.0 

5.3  . 

227.9 

IS 

169.4 

10.3 

210.0 

20 

161.5 

20.3 

259.2 

22 

1.52..3 

30.3 

27-4  3 

24 

147.9 

40.3 

2S6.9 

20 

12.5.6 

50.3 

297  8 

28 

101.4 

60.3 

307.4 

70.3 

316.0 

80.3 

323.9 

90.3 

331  1 

100.3 

337.8 

1.50.3 

365.7 

200.3 

387.7 

only  about  7°  F.  From  atmo.spheric  pressure  to  10  pounds'  gauge 
pre-ssure,  the  increase  in  temperature  i.s  nearly  28°  F;  a  slight  difference 
in  the  pressure  in  radiators  making  a  marked  difference  in  their  tem- 
perature. 

In  the  case  of  a  partial  vacuum,  so  called — exprcs.sed  genei-ally 
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in  inches  of  mercury — the  decrease  in  temperature  as  a  condition  of 
perfect  vacuum  is  approached  is  very  marked,  as  shown  in  table 
VII,  which  gives  also  steam  temperatures  corresponding  to  various 
pressures.  The  latter  are  given  in  each  case  ,V  of  a  pound  in 
excess  of  the  gauge  pressure,  as  practically  all  tables  of  the  proper- 
ties of  steam  give  the  absolute  pressure — that  is,  the  pressure  above 
a  vacuum — the  absolute  pressure  corresponding  to  5.3  pounds'  gauge 
pressure,  for  example,  being  20  pounds  absolute. 

The  atmospheric  pressure  at  sea-level  is  practically  14.7  pounds 
absolute,  and  the  boiling  point  of  water  is  212°.  As  the  pressure 
decreases,  due  to  altitude  or  to  the  removal  of  air  from  a  vessel  by 
artificial  means,  the  boiling  point  falls. 

EXPANSION 

Amount  of  Expansion.  An  allowance  of  ,-^^5-  of  an  inch  per  100 
feet  of  pipe  for  each  degree  rise  in  temperature,  is  a  fair  allowance 
in  computing  the  amount  of  expansion  that  will  take  place  in  a  line 
of  pipe. 

One  must  assume  the  temperature  at  which  the  pipe  will  be  put 
up — say  anywhere  from  0°  to  40°  in  an  unfinished  building  in  winter— 
and,  knowing  the  pressure  to  be  carried,  look  up  in  a  table  of  the  prop 
erties  of  saturated  steam  the  temperature  corresponding.     See  table 
VII. 

Example.  Find  the  expansion  that  will  take  place  in  a  line  100 
feet  long  put  up  in  30-degree  weather,  when  it  is  filled  with  steam  at 
80  pounds'  pressure.     The  temperature  corresponding  to  80  pounds' 


Fig.  29.    OSset  and  Swivels. 

steam  pressure  is  324°;  the  increase  from  30°  is  294°,  which  multiplied 
V  To^oir  gi^'es  2  fVV  inches  expansion,  or,  expressed  in  decimals,  2.35 
inches. 

In  low-])ressure  work  100  feet  of  pipe  heated  from  30°  to  230° 
will  expand  about  1.6  inches. 
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Provision  for  Expansion.  The  expansion  of  mains  can  generally 
be  provided  for  by  offsets  and  swivels,  as  shown  in  Fig.  29.  All  that 
is  necessary  is  to  have  the  two  vertical  nipples  placed  far  enough 
apart,  as  determined  by  the  length  of  the  horizontal  offset,  to  permit 

the  expansion  to  take  place  without 
too  much  turning  on  the  threads.  The 
less  the  turn,  the  less  will  be  the  like- 
lihood of  leakage.  The  shorter  the 
offsets,  the  greater  the  number  that 
must  be  used. 

A  pretty  conservative  ride  would 
be  to  allow  4  feet   of   offset  to  each 

Fig.  30.    Swing  to  Allow  for  , 

Expansion  of  Risers.  uich  oi  expausiou  to  be  taken  up  on 

the  line.  In  the  case  of  underground  work  a  good  deal  of  ihe  ex- 
pansion can  be  taken  up  where  pipes  enter  buildings  by  the  same 
kind  of  swings  as  shown  in  Fig.  29,  making  them  longer  and  tnus  re- 
ducing the  number  of  expansion  joints  or  offsets  in  the  tunnel  or  duct. 

Expansion  of  Risers.  In  providing  for  the  expansion  of  risers, 
considerable  skill  must  be  used,  especially  in  tall  buildings.  In 
buildings  of  not  over  G  to  8  stories,  or  possibly  10  floors  at  the  outside, 
if  they  are  not  high-studded,  the  expansion  may  all  be  taken  up  in  the 
basement,  using  swings  like  those  shown  in  Fig.  30,  similar  swings 
being  used  in  the  attic  also  if  the  overhead-feed  system  is  used,  the 
connections  being  taken  from  the  bot- 
tom of  the  main,  as  previously  stated. 

In  higher  buildings  than  those 
mentioned,  either  slip-pattern  expan- 
sion joints  or  swivels  made  up  of  pipe 
and  fittings  are  commonly  used.  One 
of  these  to  every  sLx  to  eight  floors  is 
generally  considered  sufficient,  depend- 
ing on  the  length  and  arrangement  of 
the  radiator  connections.  One  must 
be  sure  the  pipes  above  and  below  slip 
joints  are  in  proper  alignment;  otherwise,  binding  and  leakage  will 
occur.  If  the  risers  are  concealed,  such  joints  must  be  made  accessi- 
ble through  proper  openings  in  the  walls,  as  the  packing  will  have  to 
be  takeh  up  from  time  to  time  and  replaced. 


Anchor  Here , 


Fig.  31.    E.vpansiou  Joints.     Cffs 
Nearly  Horizontal. 
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3  Pipe 


Expansion  joints  made  up  of  pipes  are  illustrated  in  Fig.  31. 
Such  joints  are  unsightly  if  exposed;  but  they  may  generally  be  con- 
cealed either  in  specially  provid- 
ed pockets  in  the  floor  or  in 
spaces  furred  down  below  the 
ceilings  and  near  the  walls. 

When  expansion  joints  are 
used,  the  risers  should  be  an- 
chored about  midway  between 
them.  These  anchors  consist 
merely  of  clamps  around  the 
pipes  fastened  to  the  beams,  one 
type  being  shown  in  Fig.  32. 

Radiator  Connections.  Con- 
siderable ingenuity  is  exhibited 
by  good  fitters  in  arranging  ra- 
diator connections.  One  should 
always  study  the  end  sought,  and 
then  provide  the  necessary  means 
to  secure  that  end.  For  example, 
on  a  floor  at  which  the  riser  is 
anchored,  almost  any  sort  of  ra- 
diator connection  will  answer, 
since  expansion  need  not  be  pro-  <(^ 
vided  for. 

Where  expansion  takes  place, 
swivels  must  be  provided  in  the 
radiator  connections,  to  allow  for  same.     Fig.  33  shows  a  convenient 
way  of  taking  off  radiator  connections  from  risers,  any  expansion 


5. 
S 


E  le\/^ation 


Plan 
Fig.  33.    Anchor  for  Riser. 


Fig.  33.    Radiator  Connections  from  Riser. 


being  taken  up  by  the  turning  of  the  horizontal  connection  in  the 
parallel  nipples.     The  connection  should  of  course  pitch  back  toward 
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Riser- 


Fig.  34.    j\rrangemeiit  of  Swivels  when  Risers  ;ire 
Located  uu  the  Same  Wall  as  Radiator. 


the  riser,  to  drain  freely.     Where  the  expansion  is  considerable,  this 
is  difficult  to  accomplish  unless  the  radiator  is  slightly  raised. 

When  risers  must  be  located  along  the  same  wall  as  that  on  which 

the  radiator  is  placed,  the 
swivels  may  be  arranged 
as  shown  in  Fig.  34. 

Iladiators  on  the 
first  floor  have  their  con- 
nections made  by  angle 
valves  with  the  pipes  in 
the  basement,  to  avoid  running  along  the  base-board.  It  is  well  to 
take  the  branch  to  the  first-floor  radiators  from  riser  connections  in 
the  basement,  rather  than  to  cut  into  the  mains  for  these  branches. 
l;fee  Fig.  35. 

COMPUTING  RADIATION 

Computing  Direct  Radiation.  It  is  a  perfectly  simple  matter  to 
compute  the  amount  of  radiation  required  to  heat  a  room,  by  finding 
the  probable  loss  of  heat  per  hour,  and  dividing  this  by  the  heat  given 
off  by  a  square  foot  of 
radiating  surface  in  the 
same  time. 

Numerous  tests  have 
shown  that  an  ordinary 
cast-iron  radiator  gives 
off  approximately  1.6 
heat  units  per  hour  per 
deiiree  difference  in  tem- 
perature    between    the 


..j-^. 


■Supply  main  in  basement 

Fig.  3.5.    Branch  from  Riser  Conuecli»ni  in  Basement. 

steam  and  the  surrounding  air.  With  low-pressure  heating  a  square 
foot  of  direct  radiation  is  commonly  rated  at  about  250  H.  U.  Glass 
transmits  about  85  heat  units  per  s(]uare  foot  per  hour,  with  70°  inside 
and  0°  out;  and  walls  of  ordinary  thickness  may  be  reckoned  as  trans- 
mitting one-fourth  as  much  heat. 

The  heat  losses  stated  should  be  increased  about  25  per  cent  for  a 
north  or  west  exposure,  and  about  15  per  cent  for  an  ea.sterly  exposure. 

An  allowance  .should  be  made  for  reheating  rooms  that  are  al- 
lowed to  cool  down  slightly  at  night.     Tliis  may  be  done  most  con- 
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veniently  l)y  adding  to  the  loss  of  heat  through  walls  and  glass  a  num- 
ber of  heat  units  equal  to  0.3  of  the  cubic  contents  of  a  room  with  two 
exposures,  and  O.G  the  contents  of  a  room  with  a  single  exposed  wall. 

The  way  this  works  out  may  best  be  shown  by  a  couple  of  ex- 
amples: 

Suppose  we  have  a  room  16  feet  square  and  10  feet  high,  with 
two  exposed  walls  facing  respectively  north  and  west,  each  having  a 
window  three  feet  G  inches  by  6  feet. 

Exposure  of  room  =  (16  +  16)  X  10  =  320  sq.  ft. 
Glass  surface  =  2  X  21  sq.  ft.  =  42  "    " 

Net  Avail  278  sq.  ft. 

Equivalent  glass  surface  (E.  G.  8.)  of  net  wall  =  278  -f-  4  = 

Approximately     79  sq.  ft. 
Actual  glass  surface  =  42  "    " 

Total  E.  G.  S.  'Approximatslj'  TlT.sq.  ft. 

Heat  transmitted  =  112  sq.  ft.  X  85  heat  unitsX  1.25  factor  =  11,890  H.  U. 
Allowance  for  reheating  =  0.3  X  cubic  contents  of  2,560  cu.  ft.  =       768  "    " 

Total  heat  loss  to  be  made  good  by  direct  radiation  12,658  H.  U. 

This  12,658  heat  units,  divided  by  250,  the  amount  given  off  by  one  square 
foot  of  radiation  in  one  hour,  =  50  sq.  ft.  approximately,  giving  a  ratio  of  1  sq. 
ft.  of  radiating  surface  to  53  cubic  feet  of  space. 

Take  as  a  second  example  a  room  with  one  exposure  towartl  the 
east,  the  dimensions  of  the  room  being  14  by  14  by  10  feet,  with  one 
window  4  by  6  feet.     Proceeding  as  before, 

Exposure  =  196  sq.  ft. 

Glass  =  24    "    " 

Net  wall  T72  sq.  ft. 

E.  G.  S.  of  net  wall  =  |  of  same  =  43    "     " 


Add  actual  glass  =  24 


a      it 


Total  E.  G.  S.  67  sq.  ft. 

Heat  loss  per  hour  =  67  X  85  X  1.15=  6,549  H.  U. 

Add  0.6  the  contents  to  allow  for  reheating;  0.6  X  1,96©  =  1,176    "     " 

Total  heat  loss  7~J25  H.  U. 

This  7,725  heat  units  -h  250  =  31  sq.  ft.  radiation  required,  giving  a  ratio 
of  1  to  63  cubic  ft. 

The  loss  of  heat  through  roofs  and  through  ceilings  to  unhealed 
attic  spaces  above  may  be  allowed  for  conveniently,  and  with  suffi- 
ciently close  approximation  to  the  actual  heat  loss,  by  dividing  the  area 
of  the  roof  by  10,  and  that  of  the  ceiling  by  20,  to  give  the  E.  G.  S. 

In  the  case  of  a  well-constructed  plank  roof,  with  paper  or  other 
material  above  that  will  prevent  the  leakage  of  air,  the  roof  area  may 
safely  be  divided  by  15  to  ascertain  the  E.  G.  vS. 
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It  is  hardly  necessary,  as  a  rule,  to  allow  for  the  loss  of  heat 
throuirh  a  first  floor  to  the  basement  when  the  latter  is  well  enclosed 
and  contains  steam  and  return  mains  or  is  otherwise  kept  at  a 
moderate  temperature. 

Computing  Direct-Indirect  Radiation.  The  most  common  meth- 
od of  computing  the  amount  of  direct-indirect  radiation  required, 
is  to  ascertain,  in  the  manner  described,  the  direct  radiating  surface 
necessary,  and  add  to  it  approximately  25  per  cent;  that  is,  if  a  direct 
radiator  of  100  square  feet  were  found  to  be  necessary  to  heat  a  given 
room,  a  direct-indirect  radiator  of  125  square  feet  would  be  required. 

Computing  Indirect  Radiation.  To  compute  the  amount  of  in- 
direct radiation  necessary  to  heat  a  given  room,  about  the  simplest 
method  to  grasp  is  to  compute,  first,  the  direct  radiation  required,  as 
previously  explained,  and  then  add  50  per  cent  to  this  amount,  since  it 
happens  that,  under  average  conditions  of  70°  inside  and  0°  outside, 
practically  1 1  times  as  much  surface  is  required  to  heat  a  given  space 
with  indirect  as  with  direct  heating. 

When  a  stated  air  supply  is  required,  tlie  loss  of  heat  by  ventilation 
must  be  computed,  and  a  different  method  followed  in  ascertaining 
the  amount  of  indirect  radiation  required.  For  example,  take  a  50- 
pupil  schoolroom  with  the  common  compulsory  allowance  of  30  cubic 
feet  of  air  per  minute  per  pupil — equal  to  1500  cubic  feet  per  minute 
per  room.  Each  cubic  foot  escaping  up  the  vent  flue  at  70°  F.,  when  the 
outside  temperature  is  zero,  removes  from  the  room  1  j  heat  units ;  hence 
the  total  heat  loss  by  ventilation  per  hour  would  be  GO  X  1500  X  l\ 
=  112,500  heat  units.  A  standard  schoolroom  has  about  720  square 
feet  of  exposure,  of  which  not  far  from  180  square  feet  is  glass, 
leaving  a  net  wall  of  540  square  feet,  which,  divided  by  4,  gives 
135  square  feet  equivalent  glass  surface.  This,  added  to  the  actual 
glass,  gives  315  square  feet  E.  G.  S.,  which,  in  turn,  multiplied  by 
85  heat  units  X  a  factor  of  1.25  for  north  or  west,  gives  a  total  heat 
loss  by  transmission  of  33,470  heat  units  approximately. 

The  combined  loss  of  heat  by  transmission  and  ventilation 
amounts  to  145,970  H.  U. 

With  the  greater  air-flow  through  indirect  heaters  used  in  schools, 
the  heat,  emitted  per  square  foot  per  hour  should  exceed  somewhat 
the  amount  given  off  by  indirect  radiators  in  residence  work — namely, 
400  n.  U.    To  be  on  the  safe  side,  allow  450  H.  U.    The  total  heat 
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loss  from  the  room,  divided  by  this  number,  gives  approximately  300 
square  feet  as  the  surface  required. 

DUCTS,  FLUES,  AND  REGISTERS 

Areas  of  Ducts  and  Flues.  The  area  of  the  cold-air  connec- 
tions with  the  benches  or  stacks  of  indirect  radiators;  are  generally 
based  on  1  toTj  square  inches  of  area  to  each  square  foot  of  surface 
in  the  radiators. 

The  flues  to  the  first  floor  should  have  1^  to  2  square  inches  area 
to  each  square  foot  of  surface;  those  to  the  second  floor,  1  j  to  H  square 
inches;  and  those  to  floors  above  the  second,  1  to  Ij  square  inches  per 
square  foot  of  radiation. 

The  sides  and  back  of  warm-air  flues  in  exposed  w^alls  should  be 
protected  from  loss  of  heat  by  means  of  a  nonconducting  covering, 
preferably  h  inch  thick. 

Flue  Velocities.  A  fair  allowance  for  flue  velocities  with  indirect 
steam  heating  is  275  feet  per  minute  for  the  first  floor,  375  feet  for  the 
second,  425  feet  for  the  third,  and  475  for  the  fourth. 

Registers.  The  net  area  of  registers  should  be  10  to  25  per  cent 
in  excess  of  the  area  of  the  flue  with  which  they  are  connected.  The 
net  area  of  a  register  is  commonly  taken  as  §  the  gross  area;  that  is, 
a  12  by  15-inch  register  would  have  a  net  area  of  120  square  inches. 

Registers  in  shallow  flues  must  either  be  of  the  convex  pattern, 
or  be  set  out  on  a  moulding  to  avoid  having  the  body  project  into  the 
flue  and  cut  off  a  portion  of  its  area. 

Aspirating  Heaters  and  Coils.  To  cause  a  more  rapid  flow  of  air 
in  ventilating  flues  in  mild  weather,  steam  coils  or  heaters  are  used. 
These  should  be  placed  as  far  below  the  top  of  the  vent  flue  as  possible, 
for  the  higher  the  column  of  heated  air,  the  greater  the  chimney  effect. 
The  smaller  the  flue  in  proportion  to  the  volume  of  air  to  be  handled, 
the  larger  should  be  the  heater.  If  cast-iron  indirect  radiators  are 
used,  thev  may  be  rated  to  give  off  about  350  heat  units  per  square  foot 
per  hour;  coils  may  be  rated  to  give  off  nearly  double  that  number  of 
heat  units. 

To  illustrate  how  to  compute  the  size  of  coil  to  be  used,  assume 
for  example  that  1,500  cubic  feet   per  minute  are  to  be  removed 
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through  a  ventilating  flue,  the  air  to  be  raised  10°  in  temperature. 
Then 


lo.+  sq. 


1,500  (ni.  ft.  per  inin.  X  60  min.  per  hour  X  10°  rise  in  temp. 
55  heat  units  X  650  hoat  units  per  hour  per  sq.  ft.  of  coil 
ft.  of  coil  required. 

(Tlie  number  55  is  the  number  of  cubic  feet  of  air  at  70°  that  1  heat 
unit  will  raise  1°  F.) 

In  order  to  work  out  important  proljlems  of  this  nature,  it  is 
necessary  to  consult  a  table  giving  flue  velocities  for  different  heights 

and  for  excesses  of  temperature  of  air 
in  the  flue  over  that  out  of  doors. 
From  such  a  table,  knowing  the  height 
of  the  flue,  its  size,  and  the  volume  of 
air  to  be  moved,  it  is  readily  seen  how 
many  degrees  the  air  must  be  heated. 
The  size  of  coil  is  then  determined  as 
above.  The  arrangement  of  an  aspi- 
rating heater  in  a  flue  is  shown  in 
Fig.  3G. 

EXHAUST-STEAM   HEATING 

Buildings  having  their  own  power 
and   lighting  plant  shoukl   be   heated 
by  exhaust  steam,  about  90  per  cent  of 
the  steam  that  passes  through  the  en- 
gines and  pumps  being  available  for  this  purpose. 

A  portion  of  this  steam  is  used  for  heating  the  feed-water  to  the 
boilers.  In  a  properly  arranged  system,  very  little  fresh  water  need 
be  supplied,  since  the  condensation  from  the  radiators,  properly  pu- 
rified, is  returned  to  the  boilers. 

To  accomplish  this  purification,  and  to  rid  the  steam  of  oil  in 
order  to  prevent  its  coating  the  pipes  and  radiators,  the  steam  is  passed 
through  a  separator  attached  to  the  heater  when  all  the  steam  is  al- 
lowed to  enter  it,  or  through  an  independent  separator  when  only  a 
portion  of  the  steam  passes  through  the  feed-water  heater.  Only 
about  one-sixth  of  the  exhaust  steam  in  a,  given  plant  is  required  to 
heat  the  feed-waler  that  must  be  supplied  to  the  boilers  to  take  the 
place  of  the  steam  used  in  the  engines,  therefore  all  the  exhaust  need 


Fig.  36.    Aspirating  Regulator 
in  Flue. 
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not  enter  the  heater  for  the  purpose  of  keeping  up  the  proper  tempera- 
ture of  the  feed-water. 

A  type  of  heater  with  a  coke  fitter  is  shown  in  Fig.  37;  while  Figs. 
38  and  39  show  two  methods  of  making  connections,  the  first  when  all 


Fig.  37.    Heater  with  Coke  Fitter. 


the  steam  is  allowed  to  pass  through  the  heater,  the  latter  when  only  a 
portion  of  the  exhaust  from  the  engines  is  allowed  to  enter. 

A  very  essential  appliance  used  with  exhaust-steam  heating  is  the 
'pressure-reducing  valve,  which  makes  good  with  live  steam  any  de- 
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ficiency  in  exhaust  that  may  occur.     By  adjusting  the  weight,  any 
desired  pressure,  within  hmits,  may  be  obtained. 

f 


Fig.  38.    Method  of  Making  Connections  when  All  the  Steam  is  Allowed 
to  Pass  Through  the  Heatei-. 

A  hack-pressure  valve  must  be  used  with  exhaust-steam  heating, 
to  regulate  the  pressure  to  be  carried.  It  also  acts  as  a  safety-valve 
in  case  of  over-pressure  from  any  cause. 


,X  sXXXx»xx-\XxxX^5^ 


Fig.  39.    Method  of  Making  Connections  when  Only  a  Portion  of  Exhaust  from 

Engine  is  Allowed  to  Enter. 

Heating  .systems  are  sometimes  arranged  by  bringing  to  them  live 
steam  to  be  reduced  in  the  buikling  to  any  desired  pressure  bv  a  reduc- 
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ing  valve.  In  such  cases  there  is  no  back-pressure  valve ;  therefore  a 
safety-valve  should  be  placed  on  the  main  to  act  in  case  of  trouble  with 
the  reducing  valve  and  prevent  too  great  a  pressure  on  the  radiators. 

A  by-pass  should  be  used  in  connection  with  all  pressure-reducing 
valves,  to  provide  for  overhauling  them.     A  steam  gauge  connected 
not  less  than  6  feet  from  the 
valve  on  the  low  pressure  side  is 
a  necessary  attachment. 

AYith  exhaust-steam  heating, 
an  exhaust  head  should  be  placed 
at  the  top  of  the  vertical  exhaust 
main,  to  condense,  as  far  as  pos- 
sible, the  steam  passing  through  it. 

The  drip  pipe  from  the  ex- 
haust should  be  connected  with 
the  drip  tank;  or,  if  the  exhaust 
has  been  passed  through  a  first- 
class  separator,  it  may,  if  desired, 
be  returned  to  the  feed-water 
heater. 

When  a  closed  type  feed- 
water  heater  is  used  (see  Fig.  40), 
a  separate  tank  must  be  provided 
for  the  returns  from  the  heating 
systems.  High-pressure  drips 
are  trapped  to  this  tank.  In  the 
case  of  the  heater  shown  in  Fig. 
37,  the  live-steam  returns  are 
trapped  to  it.  A  common  type 
of  trap  is  shown  in  section  in 
Fig.  41.  In  the  position  shown, 
the  float  or  bucket  hinged  as 
shown,  is  held  up  by  the  buoyancy  of  the  water,  and  keeps  the  valve 
at  the  upper  end  of  the  spindle  in  contact  with  the  seat,  preventing 
the  escape  of  steam  entering  with  the  water  through  the  inlet.  The 
water,  rising  around  the  bucket,  oveiHows  it  and  overcomes  its  buoy- 
ancy, causing  it  to  fall  and  open  the  valve,  the  steam  pressure  on  the 
water  then  forcing  it  out  of  the  bucket  until  a  point  is  reached  where 


Fig.  40.    Closed  Type  Feed  Water  Heater. 
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,  the  buoyancy  of  the  bucket  ajijuin  comes  into  play  and  closes  the  valve 
until  the  action  is  again  repeated. 

An  extremely  simple  form  of  float  trap  is  shown  in  Fig.  42,  the 


/met 


^^z^zzzzzzzzzm^^ 


Outlet 


Jinlet 


Outlet 

x^ig.  II.    Coinmon  Type  of  Trap.  Fig.  42.    Float  Trap. 

hollow  float  raising  the  .spindle  and  valve,  permitting  water  to  escape, 
but  falling  and  thus  closing  the  outlet  when  the  water  level  reaches  a 
point  too  low  to  cause  the  ball  to  float,  thus  preventing  the  escape  of 
steam. 

Special  forms  of  traps  known  as  return  ircips  are  used  in  sinnll 


Fig.  43.    Dimensioned  Sketches  for  Cutting  Pipe. 

plants  for  returning  to  the  boiler  the  conden.sation  from  the  heating 
system. 

MODIFIED  SYSTEMS  OF  STEAM  HEATING 

It  is  beyond  the  .scope  of  this  course  to  go  into  the  details  of  the 
vaiious  modilied  or  Datented  systems  of  steam  circulation,  yet  it  .seems 
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advisable  to  point  out  the  essential  features  of  certain  of  these  systems. 
The  Webster  and  Paul  Systems  will  be  found  described  in  Part  III  of 
the  Instruction  Paper  on  Heating  and  Ventilation. 

Thermogracle  System.     ^Vith   this   two-pipe   system   air  valves 


are  omitted ;  the 
is  of  a  special  con- 
admit  quantities  of 
tions — to  fill  the  ra- 
steam.  On  the  re- 
placed a  so-called 
the   escape    of    air 


A 


v 


supply  valve  on  each  radiator 
struction  designed  to  be  set  to 
steam  under  different  condi- 
diator  |,  ^,  f ,  or  entirely  full  of 
turn  end  of  each  radiator  is 
auto-valve,  designed  to  permit 
and  water  into  a  return  pipe 
open  to  the  atmosphere  at 
the  top.  In  the  case  of  large 
buildings  the  water  flows  by 
gravity  to  a  tank,  from  which 
it  is  pumped  to  the  boilers. 


Fig.  44.    Hanger. 


Fig.  45.    Adjustable 
Hanger  for  Large  Pipe. 


Fig.  46.    Sleeve  for  Encasing  Pipe. 

Some  of  the  advantages  claimed  for  this  system  are : — Absence  of 
air-valves  and  air-lines;  control  of  the  heat  emitted,  by  means  of  the 
special  controlling  valve  at  the  supply  end  of  each  radiator.  The  pip- 
ing is  the  same  as  for  ordinary  gravity  systems. 

Vapor  System.    This  system  is  designed,  as  its  name  implies, 
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to  work  on  a  very  low  pressure.  The  radiators,  preferably  of  the  hot- 
water  type,  must  have  considerably  more  surface  than  with  low-pres- 
sure steam  heating.  A  special  valve  is  placed  at  the  supply  end  of  each 
radiator,  designed  to  admit  any  desired  volume  of  steam. 

A  little  trap  or  water-seal  fitting  is 
connected  with  the  return  end  of  each 
radiator,  a  small  hole  being  provided 
above  the  water  line  to  permit  the  escape 
of  air.  All  returns  are  joined  in  the 
basement  and  discharge  to  an  open  water 
column  alongside  the  boiler,  any  steam  in 
the  returns  being  condensed  by  passing 
into  a  coil  provided  for  the  purpose. 

No  safety  -valve    is 

required    with    this   sys- 

In  case  of  an  ex- 


tem. 


jrji^ 


Fig.  48.    Gate  Valve. 


Fig.  47.    Globe  Valve. 

cess  of  pressure  in  the 
boiler,  the  water  is  back- 
ed out  into  the  column 
above  mentioned;  a  float 
is  raised;  and  dampers 
are  closed. 

The  advantages  claimed  are: — Com- 
plete control  of  the  heat  given  off  by  the 
radiators  by  means  of  the  special  regulat- 
ing valve  on  each;  absolute  safety;  small 
pipes;  absence  of  air-valves. 

Mercury  Seal  Vacuum  Systems.  In 
one  of  these  systems,  commonly  used 
with  gravity-return  apparatus,  air-valves  similar  to  those  shown  in 
Fig.  55  are  placed  on  the  radiators,  and  the  air-lines  connected 
with  a  main  line  discharging  through  a  mercury  seal  or  column,  the 
function  of  which  is  to  seal  the  end  of  the  pipe  and  prevent  the  en- 
trance of  air  after  the  air  from  the  system  has  been  expelled  by 


Fig.  49.    Iron  Body  Globe  Valve. 
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rnising  the  steam  pressure.  In  another  mercury  seal  system,  air- 
valves  are  omitted  and  "retarders"— so  called— are  placed  at  the 
return  ends  of  radiators. 

With  a  tight  job  of  piping  when  the  air  in  the  system  has  once 
been  got  rid  of,  the  plant  may  be  run 
for  some  time— or  until  air  leaks  in 
again— at  a  pressure  less  than  the  at- 
mosphere and  with  radiators  at  tem- 
peratures corresponding  to  those  of 
hot-water  radiators. 

Among  the  claims  made  for  this 
system  are:— Wide  range  of  tempera- 
ture in  the  radiators,  secured  by  vaiy- 


Spud 


/met 
Pig.  50.    Radiator  Angle  Valve. 


CIZZ) 


Fig.  52.    Radiator  Offset  Valve.  Fig.  51.    Radiator  Straightway  Valve 

ing  the  degree  of  vacuum;  the  advantage -of  a  hot-water  heating  sys- 
tem without  large  radiators,  since  steam  under  pressure  can  be  car- 
ried in  the  radiators  in  cold  weather.  . 

PIPE  AND  FITTINGS 

Pipe.  Pipe  for  heating  systems  should  be  made  of  wrought  iron 
or  mild  steel.  Sizes  up  to  1^  inches  diameter  inclusive,  are  butt- 
welded  and  proved  to  300  pounds'  pressure;  above  that  size  they 
are  lap-welded  and  tested  to  500  pounds'  pressure. 
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Pipe  is  shipped  in  lengths  of  IG  to  20  feet,  threaded  on  both 
ends  and  fitted  with  a  coupUng  at  one  end. 

It  is  well,  as  a  rule,  to  have  pipes  2h  inches  in  diameter  and  larger 
cut  in  the  shop  from  sketches.  These  should  give  the  distances  from 
end  to  center,  or  center  to  center,  and  should  state  the  size  and  kind 
of  valves,  whether  flanged  or  screwed  fittings  are  to  be  used,  and  in  a 
general  way  should  follow  Fig.  43. 

The  dimensions  of  standard  pipe  are  given  in  Table  VIII. 

NOTES  ON  WROUGHT=IRON  PIPE 

(Furnished  by  the  Crane  Company,  Chicago,  111.) 

Wrought-Irox  Pipe: — This  term  is  now  used  indiscriminately  to  desig- 
nate all  butt-  or  lap-welded  pipe,  whether  made  of  iron  or  steel. 

Merchant  Pipe: — This  term  is  used  to  indicate  the  regular  wrought  pipe 
of  the  market,  and  such  orders  are  usually  filled  by  the  shipment  of  soft  steel 
pipe.  The  weight  of  merchant  pipe  will  usually  be  found  to  be  about  five  per 
cent  less  than  card  weight,  in  sizes  J-inch  to  6-inch,  inclusive;  and  about  ten 
percent  less  than  card  weight,  in  sizes  T-inch  to  12-inch,  inclusive. 

Full-Weight  Pipe: — This  term  is  used  where  pipe  is  required  of  about 
card  weight.  All  such  pipe  is  made  frcm  plates  which  are  expected  to  produce 
pipe  of  card  weight;  and  most  of  such  pip3  will  run  full  card  to  a  little  above 
card,  but,  owing  to  exigencies  of  manufacture,  some  lengths  may  be  below 
card,  but  never  more  than  five  per  cent. 

Large  O.  D.  Pipe: — A  term  used  to  designate  all  pipe  larger  than  12- 
inch.  Pipe  12-inch  and  smaller  is  kno-^m  by  the  nominal  internal  diameter, 
but  all  larger  sizes  by  their  external  (outside)  diameter,  so  that  "14-inch  pipe," 
if  f  inch  thick,  is  ISJ-inch  inside,  and  "20-inch  pipe"  of  same  thiclcness  is 
IQ^-inch  inside. 

The  terms  "Merchant,"  or  "Standard  pipe,"  are  not  applicable  to  "Large 
O.  D.  pipe,"  as  these  are  mada  in  various  weights,  and  should  properly  be 
ordered  by  the  thickness  of  the  metal. 

When  ordering  large  pipe  threaded,  it  must  be  remembered  that  J-inch 
metal  is  too  light  to  thread,  f'g^-inch  being  minimum  thickness. 

Orders  for  large  outside  diameter  pipe,  wherein  the  thickness  of  metal  is 
not  specified,  are  filled  as  follows: 

Fourteen,  fifteen,  and  sixteen  inch,  O.  D.,  j''g-inch  or  f-inch  metal. 

Larger  sizes,  f-inch  metal. 

This  pipe  is  shipped  with  plain  ends,  unless  definitely  ordered  "threaded." 

Extra  Strong  Pipe  : — This  term  designates  a  heavy  pipe,  from  |-inch 
to  8-inch  only,  made  of  either  puddled  wrought  iron  or  soft  steel.  Unless 
du-ected  to  the  contrary,  steel  pipe  is  usuallj^  shipped.  If  wrought-iron  pipe 
is  required,  use  the  term,  "Strictly  Wrought-Iron  Extra  Strong  Pipe."  Extra 
strong  pipe  is  always  sliippcd  with  plain  ends  and  without  couplings,  unless  in- 
structions are  received  to  thread  and  couple,  for  which  there  is  an  extra  charge. 

This  term,  when  applied  to  pipe  larger  than  8-inch,  is  somewhat  indefi- 
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nitc,  as  9-,  10-,  and  12-inch  is  made  both  ^^^  and  \  inch  thick.      Pipes  ^  inch 
thick  are  carried  in  stock,  and  furnished  on  open  order. 

Double  Extra  Strong  Pipe: — This  joipc  is  approximately  twice  as 
heavy  as  extra  strong,  and  is  made  from  J  to  8  inches,  in  both  iron  and  steel. 
It  is  difficult,  however,  to  find  any  quantity  in  "Strictly  Wrought-Iron,"  and 
the  stock  carried  is  usually  soft  steel.  This  pipe  is  shipped  with  plain  ends, 
without  couplings,  unless  ordered  to  thread  and  couple,  for  which  there  is  an 
extra  charge. 

Fittings.  For  low-pressure  heating  systems,  standard  weight 
cast-iron  screwed  fittings  are  used  on  pipes  up  to  7  inches  or  S  inches 
diameter.  On  larger  pipes  it  is  customary  to  use  standard  flanged  fit- 
tings. Flange  unions  should  be  placed  at  inter- 
vals in  the  pipes  when  screwed  fittings  are  used, 
to  provide  for  readily  disconnecting  them  in  case 
of  alterations  or  repairs. 

Pipe  grease  or  various  ' 

compounds  are  used  in  "mak- 
ing up"  the  joints.     This  ma- 
terial should  be  applied  to  the 
male   threads   only.     AYhen 
the  threads  of  the  fittings  are 
coated  with  it,  as  is  commonly  Pig- si.  swing  check 
done,  the  compound  is  pushed 
into  the  fitting  when  the  pipe  is  screwed  in,  and,  becoming  disen- 
gaged, is  likely  to  cause  trouble  later  by  clogging  pipes,  etc.     For 
flange  fittings  it  is  die  practice  with  many  fit- 
ters to  use  inside   gaskets, 
so  called,  cut  to  come  just 
inside  the  bolts. 

To  describe  a  tee;  al- 
ways give  the  dimensions 
of  the  "run"  first  and  the 
outlet  last;  for  example,  a 
tee  G  inches  at  one  end,  5 
inches  at  the  other,  with  an 
outlet  at  the  side  3^  inches, 
would  be  known  as  a  6  by 
5  by  So  tee. 


Fig.  53.    Radiator 
Valve. 


Ad/ustirjg 


'xpansible 


Float 


Fig.  55.    Air  Valve. 


Fig.  56.    Air  Valve. 


A  tee  with  the  outlet  larger  than  the  openings  on  the  run,  is  known 


176 


STEAM  AND  HOT  WATER  FITTING 


43 


as  a  bullhead  tee.     Tees  with  all  three  openings  of  the  same  size  are 
knov'n  as  straight  tees. 

It  is  far  better  to  use  reducing  sockets  or  "eclucing  elbows  and 
tees,  in  place  of  straight  tees  with  bushings. 

Hangers.     Pipes  up  to  4  inches  diameter  inclusive  are  commonly 
suspended  by  malleable-iron  hang- 
ers, one  type  of  which  is  shown  in 
Fig.  44,  with  a  gimlet  point  on  the 
rod,  a  beam  clamp  being  substituted 


Fig.  58.    Flat  Jaw  Vise. 

when  I-beams  are  used  in  place 
of  floor  timbers.  One  form  of 
adjustable  hanger  for  large  pipes 
is  shown  in  Fig.  45. 

Sleeves,   etc.    AMiere    pipes 
pass   through   floors    and   parti- 


Fig.  57.    Pipe  Vise. 

tions,  they  are  encased  in  tubes 
with  plates  at  floor  and  ceiling  or 
at  walls,  as  the  case  may  be. 
One    tyoe    of    these   sleeves    is 

•  '^  -r-i-        tn  Fig.  59.    Combination  Vise. 

shown  in  rig.  45. 

\Miere  branches  from  risers  pass  through  partitions,  it  is  often 
necessary  to  use  sleeves  of  elliptical  shape  to  provide  for  the  expansion 
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of  the  risers.  Sleeves  for  mains  passing  through  basement  walls  are 
generally  made  of  pieces  of  wrought-iron  pipe  of  the  proper  length, 
the  diameter  of  the  sleeves  to  be  not  less  than  ^  inch  greater  than  the 

pipe  diameter  if  covering  is 
omitted  in  walls,  and  2^  inches 
greater  if  covering  is  continuous 
along  the  pipe. 

Fig.  60.    P:pcCuuer.  -yY|^^.j^   ^1^^^,^^   ^^^   pl^^.^^j   j,^ 

plastered  walls,  they  should  project  a  slight  distance  beyond  the  face 
of  the  plaster.  When  ceiling  plates  are  made  fast  to  risers,  they 
should  be  place<l  at  least  §  inch  down  from  the  ceilings,  so  that, 
when  the  riser  expands,  the  ceil- 
ing plate  will  not  be  forced  intc 
the  plaster. 

Valves.     Valves   for  ba.se- 
ment  piping  are  commonly  globe  ^^'  *'''     '^^ 

or  gate  pattern,  with  rough  bodies  and  plain  iron  wheels  (Figs.  47 
and  48).  Brass  or  composition  body  valves,  with  screwed  tops,  are 
generally  used  up  to  2-inch  size  inclusive;  and  iron  body  valves,  with 

bolted  tops,  above  that  size  (see 
Figs.  48  and  49).  Both  are  made 
with  renewable  discs  or  seats. 

It  is  largely  a  matter  of  pref- 
erence wdiich  type  of  valve  shall 
be  used,  though  of  course  the 
straightway  gate  valves  interpose 


the  least  resistance  to  the  flow  of 
steam  or  water. 

When  the  radiators  are  but 
little  above  the  water  line  in  the 
boiler,  gate  valves  are  frequentlv 
used  on  the  returns  to  insure  an 
ea.sy  flow  of  the  water. 

It  seems  hardly  necessary  to 

point  out  that  a  globe  valve  should  be  connected  in  the  pipe  with. its 

stem  horizontal,  to  avoid  the  water  pocket  which  occurs  when  the 

stem  is  vertical ;  nevertheless  fitters  frequently  overlook  this  point. 

Several  patterns  of  radiator  valves  are  shown  in  Figs.  50,  51, 


Fig.  63.    Solid  Die. 
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52,  and  53.  These  valves  are  of  brass  or  composition,  rough  body 
nickel-plated,  have  wood  wheels,  and  are  provided  with  a  union.  The 
angle  valves  are  commonly  used  on  first-floor  radiators,  those  on  floors 


Fig.  63.    Stock  for  Solid  Dies. 

above  having  ofl'set  or  corner  offset,  offset  glol)e,  or  straightway  gate 
valves,  according  to  the  type  of  radiator  and  the  arrangement  of  con- 
nections to  provide  for  expansion. 

In  public  buildings,  the  wheels  are  often  omitted  and  lock-shields 
substituted,  the  valves  being  operated  by  a  key. 

A  swinging-check  valve  is  shown  in  Fig.  54.     This  type,  if  prop- 


J 
1 


Fig.  64.    Adjustable  Die  and  Stock. 

erly  designed,  works  the  easiest  of  any,  and  should  be  used  in  prefer- 
ence to  other  types  when  radiators  are  placed  but  little  above  the 
water  line  in  the  boiler. 

Air- Valves.  Numerous  patterns  of  air-valves  are  on  the  market, 
some,  like  Fig.  55,  in  a  general  way,  being  fitted  with  a  union  for  air- 
line connections  leading  to  a  convenient  point  of  discharge  in  the  base- 
ment. Such  valves  prevent  the  escape  of  steam,  because  of  the  ex- 
pansion of  the  composition  p\ug,  which  closes  the  opening  when  steam 
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comes  in  contact  with  it.  ,  Air  and  cold  water,  however,  are  permitted 
to  escape. 

The  general  type  of  air-valve  shown  in  Fig.  56  is  frequently  used, 
many  modifications  of  this  valve  having  been  manufactured.     These 


Fig.  05.    Adjustable  Dio  and  Stock. 

valves,  as  a  rule,  have  no  air-line  connections,  but  discharge  their  air 
into  the  rooms;  a  .somewhat  objectionable  feature.  They  close  when 
steam  enters  them;  and  if  water  rinds  its  way  in,  the  float  is  raised  and 
closes  the  outlet. 

Air-valves  for  direct  radiatv"^  have  a  very  small  opening  for  the 


Fig.  66.    Hand  Power  Pipe  Machine. 


Fig.  67.    Belt  Power  Pipe  Machine. 


discharge  of  air,  scarcely  larger  than  a  pin-hole;  and  while  these  do 
very  well  for  small  units,  they  are  not  satisfactory^  for  large  coils  or  for 
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large  groups  of  indirect  radiators,  because  of  the  excessive  time  re- 
quired to  relieve  them  from  air.  For  such  heating  surfaces,  a  type  of 
air-valve  with  a  much  larger  opening  should  be  selected,  to  provide 
for  venting  the  radiators  or  coils  more  quickly. 

Several  types  of  vacuum  air-valves  have  been  invented,  designed 
to  permit  the  escape  of  air  from  the  radiators,  but  to  prevent  its  re- 
entry. If  they  remain  tight,  the  steam  heating  system  may  be  run  in 
mild  weather  with  a  pres- 
sure below  that  of  the  at- 
mosphere, and  the  radiator 
kept  at  a  temperature  be- 
low 200°. 

Pipe-Fitting  Tools. — 
Vise  and  Bench.  ^Mien  a 
job  is  started,  the  first 
things  needed  are  vise  and 
bench.  Tke  latter  should 
be  firmly  constructed,  and 
rigidly  held  in  place,  the 
vise  to  be  firmly  secured  to 
it  by  through  bolts. 

On  a  good-sized  piece 
of  work,  it  is  well  to  have 
both  a  pipe  vise  and  a  flat- 
jaw  vise,  these  being  illus- 
trated in  Figs.  57  and  58. 

A    hea%7    cover    should     be  ^*S:.68«.    Hand  Power  Pipe  Machine. 

furnished  over  the  screw  of  the  flat-jaw  vise,  to  provide  a  bearing 
for  bending  pipe,  the  end  of  which  is  passed  through  a  ring  bolted 
to  the  bench. 

Fig.  59  illustrates  a  combination  of  the  two  vises  shown  in  Figs. 
57  and  58,  making  a  verv'  useful  tool. 

Pipe  Cutters.  There  are  several  kinds  of  pipe  cutters  on  the 
market,  made  with  one  or  more  cutting  wheels  held  in  a  frame.  All 
makes  of  cutters  are  operated  in  practically  the  same  way,  by  forcing 
the  cutting  wheels  into  the  pipe  by  means  of  a  screw  handle.  One-  and 
three- wheel  cutters  are  shown  in  Figs.  60  and  61. 


The  one-wheel 
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cutters  are  made  in  sizes  for  ]lj-iiich  to  3-inch  pipe;  and  the  ^hiee- 

wheel  cutters,  for  J-inch  to  S-inch  pipe.   • 

Stocks  and  Dies.    The  several  forms  of  dies  and  stocks  on  the 

market  may  be  divided  into 
two  classes — the  solid  die  antl 
the  adjustable  die.  The  solid 
die  is  shown  in  Fig.  G2,  and  is 
used  for  cutting  both  right- 
hand  and  left-hand  threads. 
The  stock  in  which  solid  dies 
are  used  is  shown  in  Fig.  63. 
Adjustable  dies  and  stocks  are 
shown  in  Figs.  64  and  65. 
These  dies  may  be  adjusted  to 
cut  a  deep  or  a  shallow  thread. 
It  is  necessary  at  times  to  cut 
such  threads,  as  the  fittings 
made  by  different  manufac- 
turers are  not  always  tapped 
alike.  To  make  good  joints, 
the  threads  must  make  up 
tight  when  they  are  screwed 
into  the  fitting. 

Fig.  an  b.    nana  Power  Pipe  Machine.  r^^^^^   j^^    ^^^^^^    ^^^   ^^^_ 

proximate  distance  pipes  must  be  screwed  into  fittings  to  make  a 
tight  joint. 

TABLE   IX 
Proper  Distance  to  Screw  Pipes  into  Fittings 

i,f,andi  inch  pipe  should  be  screwed  into  fittings  approximately  i     in. 
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In  all  forms  of  stocks,  \rhether  for  solid  or  adjustable  dies,  a 

bushing  or  guide  must  be  used  in  the  stocks  to  guide  the  dies  straight. 

onto  the  pipe.     It    is   necessar}^ 

that  the  guides  for  the  different    (/-^^^^t^ ~L————==zz:' 

sizes  of  pipe  should  fit  each  size 

of  pipe  as  closely  as  will   allow  ^''''^■^^-   i'^p*^  Tongs. 

the  guide  to  revolve  on  the  pipe  freely.     The  guides  should  fit  the 

stock  as  tightly  as  possible,  or  a  crooked  thread  will  very  likely  be  cut. 

Plenty  of  good  lard  oil  or  cotton- 
seed oil  should  be  used  when  cut- 
ting pipe.  The  dies  must  be 
sharp,  to  make  good  joints;  and 
when   they  are  changed    in   the 

Fig.  70.    Adjustable  Pipe  Tongs.  ^       e  • 

stocks  from  one  size  to  another, 
all  chips  of  iron  and  dirt  should  be  cleaned  off  the  dies  and  out  of  the 
stocks,  as  a  small  chip  under  dies,  especially  under  one  of  a  set  of  ad- 
justable dies,  will  either 
cut  a  crooked  thread  or  ^ 
strip  it. 

Stocks  are  made  in  ^'^  ^'-   *^^^*°  "^^^ss. 

sizes  from  ^  inch  to  4  inches.  The  small-size  stocks  and  dies  com- 
monly carried  in  pipe-fitters'  kits  are  made  to  thread  pipe  from  I  inch 
to  1  inch  inclusive,  right-and  left-hand;  and  a  larger  size  to  thread 
pipe  from  1  inch  to  2  inches  inclusive,  right-  and  left-hand.  A  larger- 
size  stock  is  used  to.  cut  pipes  over  2  inches  in  diameter. 

There  are  a  number  of  hand-power  pipe  machines  on  the  market, 


Fig.  73.    Chain  Tongs. 

which  are  very  convenient  especially  for  cutting  and  threading  pipe 
2^  inches  and  over.  Several  makes  are  shown  in  Figs.  G6,  and 
68  a  and  6S  b. 

Pipe  Tongs.  Plain  tongs,  like  all  other  tools,  must  be  kept  sharp 
and  in  good  order,  to  do  good  work.  ]\Iany  fitters  object  to  tongs 
because  they  have  to  be  sharpened  very  often,  and  also  because  they 
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Fig.  73.    Pipe  Wrench. 


3 


Fig.  71.    Pipe  Wrench, 


have  to  carry  at  least  one  pair  of  tongs  for  each  size  of  pipe;  they  prefer 
an  adjiLstable  wrench  which  will  fit  several  different  sizes  of  pipe. 

There  is  one  advantage 
in  the  tongs;  that  is,  they 
can  be  worked  in  places 
where  it  would  be  im- 
possible to  use  a  wrench, 
such  as  making  up  pipe  in  coils,  close  corners,  etc.  Tongs  should  be 
made  in  such  a  way  that  when  they  are  on  the  pipe,  the  handles  will 
come  close  enough  together  to  al- 
low them  to  be  gripped  in  one 
hand  (see  Fig.  69). 

Adjustable    tongs    (Fig.    70) 
are  made  to  fit  several  sizes  of 
pipe,  the  most  common  sizes  used  being  for  ^-inch  to  1-inch  to  2-inch, 
and  for  2i-inch  to  4-inch. 

Chain  tongs  are 
made  in  all  sizes  and  in 
several  forms  for  from  1- 
inch  up  to  16-inch  pipe. 

Fig.  75.    Wrench  for  Brass  or  Nickle-Plated  Pipe.         Some   makers,  f  U  r  n  i  S  h 

tongs  with  the  handle  and  jaws  in  one  piece.  Others  have  the  jaws 
removable.  Still  others  have  the  jaws  so  arranged  that  they  can  be 
removed  and  reversed. 
See  Figs.  71  and  72. 

Pipe  Wrenches.  Sev- 
eral types  of  adjustable 
wrenches  are  shown  in 
Fijrs  73  and  74     These    ^^^'  ™"   "^^''"''^^  ^^^  ^^'^^^  ^^  Niciiie-piated  Pipe. 

wrenches  will  do  good  work  if  used  as  wrenches  on  the  size  pipe  they 
arc  intended  for.     Some  men  who  have  little  regard  for  tools  use  on  a 

2-inch  pipe,  for  example,  a 
wrench  which  is  made  to  take, 
say,  not  over  1-inch  pipe,  the  jaw 
of  the  wrench  being  extended  as 
Fig.  77.  Monkey  Wrench.  f-^r  as  possible,  and  probably  be- 

ing held  by  only  a  few  threads  of  the  adjusting  screw,  a  piece  of  pipe 
2  or  o  feet  long  often  being  used  on  the  handle  of  the  wrench  to 
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Fig.  78.    Open-End  Wrench. 


increase  the  leverage.     After  such  usage,  the  wrench  is  of  little  value. 

At  times  men  will  use  WTenches  in  such  a  way  as  to  make  the  strain 

come  on  the  side,  with  the  result  that  the 

wrench  is  badly  strained  if  not  broken. 
The   above  described  wrenches   are 

used  on   wrought-iron   pipe.     For  brass 

or  nickel-plated  pipe,  wrenches  like  those 

shown  in  Figs.  75  and  76  should  be  used;  otherwise  the  pipe  will  be 

marred  and  rendered  unfit  for  use  in  connection  with  first-class  work. 
One  of  the  handiest  all-round  tools  is  the  monkey  urench,  shown 

in  Fig.  77.  Open-end  wrenches,  illus- 
trated in  Figs.  78  and  79,  are  very  handy 
tools,  especially  for  use  on  flange  fittings. 
Wrenches  for  lock-nuts  are  made  about 
the  same  as  above,  only  they  are  larger. 
The  return-bend  ivrench  is  a  very 
handy   tool,  and    can   be  made    by  any 

good  blacksmith.     It  is  used  principally  on  coil  work,  and  Is  made 

of  heavy  bar  iron,  as  shown  in  Figs.  80  and  81,  in  which  two  forms 

of  this  type  of  this  wrench  are  shown. 

Another  handy  tool  is  what  is  sometunes  called,  for  want  of  a 

better  name,  a  spud  wrench.     This  is  simply  a  piece  of  flat  iron  about 


Fig.  79.    Open-End  Wrench. 


1 


>-^^=D) 


Fig.  80.    Return-Bend  Wrench.  Fig.  81,    Return-Bend  Wrench. 

10  inches  long  and  made  to  fit  the  spuds  of  the  unions  of  different 
sizes  of  union  radiator  valves  and  elbows  (see  Fig.  82). 

Pliers.     For  small  work,  pliers  may  be  used  to  advantage.     Com- 
mon and  adjustable  tj-pes  are  shown  in  Figs.  83  and  84. 


S-. — r 

2" 
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1 

^^ — 1 

J 

Fig.  82.    Spud  Wrench. 

Drills,  Reamers,  and  Taps.  Pipe  drills,  illustrated  in  Fig.  85, 
are  made  slightly  smaller  for  a  given  size  than  the  taps  illustrated  in 
Fig.  86.     A  reamer  like  the  one  sho\\Ti  in  Fig.  87  should  be  used  to 
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start  the  tap,  which  should  never  be  hammered  in  order  to  start  the 
threads. 

Fig.  88  shows  a  combined  (hull,  reamer,  and  tap.      Fig.  89  shows 
a  pipe  reamer  for  taking  the  burr  from  the  ends  of  pipes. 


Fig.  83.    Common  Pliers.  *  Fig.  84.    Adjustable  Pliers. 

A  ratchet  drill  is  illustrated  in  Fig.  90  and  a  breast  drill  in  Fig.  91. 
Fig.  92  shows  a  handy  tool  for  drilling  pipe  flanges  which  from  any 
cause  cannot  be  drilled  in  the  shop. 

Figs.  93,  94,  95,  and  96  show  cold, 
]>  cape,    diamond    point,    and    round-nose 
chisels  respectively. 
Fig.  85.   Pipe  Dri.r.  ^  good  pattern  pcan  hammer  is  shown 

in  Fig.  97  a;  and  a  brick  hammer  is  represented  by  Fig.  97  b. 

M  iscellaneous.  Every  fitter's  kit  should  contain  inside  and  out- 
side calipers;  a  good  set  of  bits  |-inch  to  l-inch;  bit  stock;  augers  l\- 
inch  to  2-inch ;  saws ;  files ;  plumb-bob ;  gimlet ;  lamp ;  oil  can ;  steel. square ; 
tape  measure;  etc, 

IiOT=WATER  HEATING 

Heaters.  Hot-water  heaters — or  "boilers,"  as  they  are  some- 
times miscalled — are  so  nearly  like  the  cast-iron  steam  boilers  pre- 
viously illustrated,  that  it  is  unnecessary  further  to  describe  them  here. 

Some  makers  use  the  same  patterns  for  both  steam  boilers  and 
'hot-water    heaters,   while 
others  use  a   higher  boiler 
for    steam,   giving  more 
space  above  the  water  line: 

Practically  the    same 
rules  should  be  followed  in  Fig.  86.   Pipe  Tap. 

.selecting  a  hot-water  heater  as  those  laid  down  for  steam  boilers. 
Although  a  hot-water  heater  is  a  trifle  more  efficient  than  a  steam 
boiler — that  is,  more  of  the  heat  in  the  coal  is  transferred  to  the 
water,  owing  to  the  temperature  of  the  latter  being  40  degrees  or 
more    lower   than   in   a   steam   boiler — nevertheless,  practically  the 
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Fig.  87.    Reamer. 


same  size  of  hot-water  heater  or  steam  boiler  is  required  to  heat  a 
given  space. 

It  is  well  to  equip  the  heater  with  a  regulator,  of  which  a  number 
of  good  ones  are  manufactured,  ^^^^^ 

in  order  to  control  the  drafts 
by  variations  in  the  tempera- 
ture of  the  water,  the  regula- 
tor being  set  to  maintain  any 
desired  temperature  in  the 
flow  pipe. 

Capacity  of  Heaters.     Hot-water  heater  capacities  are  based,  as 

a  rule,  on  an  average  water 
temperature  of  100°  in  the 
radiators,  when  placed  in 
rooms  to  be  kept  at  70°  F= 
If  the  closed-tank  sys- 
tem is  used,  the  radiator 
temperatures  may  be  220°  to  230°  or  more;  hence,  if  any  attention 
is  to  be  given  to  the  manufacturers'  heater  rating,  the  radiation  must 
be  reduced  to  the  equivalent  radiation  in  heat-emitting  capacity  of 
radiators  at  160°. 

This  is  very  easily  computed,  since  the  heat  given  off  by  a  radiator 
is    proportional    to    the    difference    in 
temperature  between  the  water  in  the 
radiator   and    the    air   surrounding   it. 
This,  in  the  first  case,  is  160°  less  70°, 


Fig.  88.    Combined  Drill,  Reamer  and  Tap. 


^ 


mum    ^    31 
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Fig.  89.    Pipe  Reamer  for  Taking  the 
Burr  from  Ends  of  Pipe. 


J 


Fig.  90.    Ratebet  Drill. 


or  90°;  and  in  the  other  case,  say,  225°  less  70°,  or  155°;  that  is,  one 
foot  of  radiating  surface  at  225°  will  give  off  y^?-  of  the  heat  given 
off  at  160°;  therefore,  a  job  with  900  square  feet,  for  example,  at  225° 
w^ould  be  equivalent  in  heating  power  to  y/  X  900  =  1550  square 
feet  at  160°,  and  a  boiler  with  the  higher  rating  would  be  required 
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It  is  always  well  to  check  the  boiler  rating  as  exj)laiiie(l    under 
"Steam  Heating,"  except  that  in  hot-water  heating  only  150  heat  units 

are  allowed  per  hour  per 
square  foot  of  radiating 
surface. 

Of  the  heat  given  off 
by  the  coal,  it  is  safe  to  as- 
sume that  8000  heat  units 
j)er  pound  are  transferred 
to  the  water  in  the  heater. 
Suppose  there  are  900 
square  feet  of  radiation  on 
the  job.  Add  ^  to  cover 
the  loss  of  heat  from  pipes; 
total  =  1200  square  feet. 
Assume  that  in  coldest 
Aveather  5  pounds  of  coal 
are  burned  per  hour  on 
each  square  foot  of  grate;  that  is,  5  X  SOOO  =  40,0(M) 
heat  units  are  transferred  to  the  water  in  the  heater. 
The  heat  given  off  per  hour  by  the  radiators  and 
pipes  is  1200  X  150  =  180,000  heat  units.  This,  di- 
•  videil  by  40,000,  the  heat  utilized  per  square  foot  of 
grate,  equals  4^  square  feet  of  grate  required. 

Some  judgment  is  necessary  in  assuming  the 
rate  of  combustion;  but  this  varies  from  about  3  pounds  per  square 
foot  of  grate  per  hour  in  small  heaters,  to  7  or  8  in  larger  ones, 
operated  by  a  regular  attendant. 

HOT=WATER  RADIATORS  AND  VALVES 

Hot-water  radiators  have  top  and  bottom  nipple  connections,  as 
shown  in  Fig.  31,  Part  II  (Heating  and  Ventilation).      A  hot-water 


Fig  91.    Breast  Drill. 


Fig.  02.    Tool  for 

Drilling  Pii)e 

Flanges. 
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Fig.  93.    Cold  Chisel. 


radiator  may  be  used  for  steam,  but  a  steam  radiator  cannot  be  used 
for  hot  water.     The  valve  may  be  placed  at  the  top  or  the  bottom— it 
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matters  little  which;  it  is,  however,  more  convenient,  though  more 
unsightly,  at  the  top.  The  circulation  will  be  practically  as  good  when 
che  valve  is  located  at  the  bottom.     One  valve  is  all  that  is  necessary. 


Fig.  94.    Cape  Chisel. 


and  this  may  best  be  of  the  quick-opening  pattern,  a  partial  turn 
being  all  that  is  necessary  to  open  or  close  it  (see  Figs.  44  and  45, 
Part  II,  Heating  and  Ventilation). 


Fig.  95.    Diamoud-Point  Chisel. 


A  union  elbow  is  generally  connected  with  the  return  end  of  a 
radiator  (see  Fig.  46,  Part  II,  Heating  and  Ventilation). 

Key-paUern  air-valves  are  more  frequently  adopted  in  hot-water 


m 


Fig.  96.    Round-Xose  Chisel. 


heating  than  are  any  types  of  automatic  valves.     They  do  not  have  to 
be  operated  often;  hence  the  popularity  of  the  simple  and  reliable  air- 


cocks  like  those  shown  by  Fig.  98. 


Fig.  97  (/.    Pean  Hammer. 


Fig.  97  b.    Brick  Hammer. 


Direct-indirect  hot-water  radiators  are  seldom  used,  owing  to 
the  danger  from  freezing  in  case  they  are  thoughtlessly  shut  off. 
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Indirect  radiators  should  be  of  a  deep  pattern— say,  10  to  12 

indies,  or  even  more  for  use 
with  outdoor  air  in  a  severe 
climate.  These  radiators  give 
off  far  less  heat  per  square  foot 
than  is  emitted  by  steam  radia- 
tors; hence  they  should  be  deep- 
er, to  bring  the  air  up  to  proper 
temperature. 


Fig.  98.    Air  Cock. 


HOT=WATER    PIPING 

Heater  Connections.  Where  only  one  heater  is  used,  the  con- 
nections are  practically  the  same  as  for  steam  heating,  except  that  no 
check-valves  are  used. 

W^here  two  boilers  are  to  be  connected  and  arranged  to  be  run 
independently  or  together,  valves  must  be  inserted  somewhat  as  shown 

Main  Return  _^ 


Safety 


Valye 


Main  riow  Pipe 


Fig.  99.    Arrangement  of  Valves  for  Two  Boilers  which  are  to  Run 
ludepeuilently  or  Together. 

by  the  plan  view  represented  in  Fig.  00.  It  is  important  that  safety- 
valves  be  used  with  this  arrangement,  as,  in  case  one  boiler  is  shut 
down  and  then  fired  up  without  opening  the  stop-valves,  the  pressure 
due  to  the  expanding  water  will  burst  the  heater. 

Single-Main  System.    The  single-main  system,  arranged  some- 
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what  like  the  circuit  system  in  steam  heating,  is  sometimes  employed 
for  hot-water  heating.  Fig.  100  shows  the  arrangement  of  this  sys- 
tem-. The  supply  branches  are  taken  from  the  top  of  the  main,  where 
the  water  is  hottest;  and  the 
returns  are  connected  at  the 
side,  the  cooler  water  pass- 
ing along  the  lower  portion 
of  the  pipe  back  to  the 
heater.  On  systems  of  con- 
siderable  size,  this  arrange- 
ment of  piping  causes  the 
water  in  the  supply  main  to 
cool  more  rapidly  as  the  dis- 
ance  from  the  heater  increases  than  in  systems  where  the  supply  and 
return  water  are  kept  separate. 

Tv/o-Pipe  Up-Feed  System.  With  the  two-pipe  up-feed  system, 
the  pipes  should  be  pitched  up  from  the  boiler  1  inch  in  10  feet,  if 
possible.  Pockets  in  which  air  can  collect  must  be  avoided,  as  air 
will  cut  off  the  flow  as  much  as  a  solid  substance  in  the  pipe  would  do. 

In  the  basement,  the  branches  near  the  boiler  should  be  taken 
from  the  side  of  the  flow  main,  in  order  to  favor  the  branches  farther 


Fig.  100.    Single  Main  System. 


/§£  floor  Ra<3iator 


Fig.  101.    Two-Pipe  Up-Feed  System. 

away,  which  should  be  taken  from  the  top  of  the  main.  First-floor 
radiators  should  be  given  the  preference,  as  to  ease  of  flow  in  their 
connections,  over  riser  connections  with  the  floors  above.  If  possible, 
feed  the  last  first-floor  radiator  on  a  line  before  branching  to  riser. 
Fig.  101  illustrates  the  above  points. 
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Keep  the  mains  neur  the  ends  of  long  runs  ample  in  size,  even  if 
somewhat  larger  than  stated  in  the  table,  if  runs  are  long  and  crooked. 
No  chances  should  be  taken  in  regard  to  insuring  the  proper  circulation 
of  water  in  the  system.     Use  no  horizontal  pipe  smaller  than  1]— inch.. 

Return  mains  pitch  in  the  same  direction  as  the  flow  pipes,  and 

RisetoUppeynoor 


Fig.  103.    Connections  for  Return  Mains. 


Flow  /niet 
Fig.  103.    Di.stribiUing  Fitting. 


are  generally  paired  with  them,  the  connections  being  made  on  the 
sitle  as  shown  in  Fig.  102,  or  at  an  angle  of  45  degrees. 

The  risers  should  be  arranged  to  favor  the  radiators  on  the  lower 
floors,  since  the  water  tends  to  rise  and  pass  by.  the  lower  radiators. 

Distributing  fittings,  as  shown  in 
Fig.  103,  are  often  used  for  this 
purpose,  or  the  pipes  may  be  ar- 
ranged as  shown  in  Fig.  104. 
Some  labor  is  saved  by  the  use 
of  the  special  fittings  described. 
Overhead-Feed  System. 
^  Where  attic  .space  is  available, 
the  overhead-feed  .system  pre- 
sents certain  advantages  over  the 

Fig.  101.    Arrangement  of  Pipes.  ,  •  f      j  xi      i      p      • 

two-pipe  up-feed  method  oi  pip- 
ing. In  residences,  single  risers  are  used,  these  serving  for  l)oth 
supply  and  return,  the  water  entering  the  top  of  the  radiator  and 
flowing  back  into  the  same  riser  from  the  lower  opening  in 
the  radiator.  No  air-valves  are  nece.ssar}',  all  air  passing  up 
the  risers  and  out  through  the  vent,  on  the  expansion  tank.  The 
overhead  mains  are  connected  with  a  rising  main  large  enough  to 
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supply  all  the  surface;  these  mains  may  be  run  around  the  building 
near  the  walls,  as  in  the  one-pipe  steam  circuit  system;  or  may  be 
carried  down  the  middle  of  the  building,  with  long  branches  extending 
to  the  risers  near  the  walls,  it  being  assumed  that- the  radiators  will  be 
located  near  the  exposed  parts  of  the  building. 

The  mains  and  branches  should  pitch  down  toward  the  risers, 
permitting  the  air  to  escape  freely  to  the  expansion  tank  (see  Fig.  105). 

Special  care  should  be  used  in  hot-water  heating,  to  secure  an 
easy  flow.     The  ends  of  the  pipes  should  be  reamed,  and  long-turn 


Vent  Throucfhf^oof 


Fig.  105.    Showing  the  Mains  and  Branches  Pitched  Down  Towards  the  Risers 


fittings  used  for  first-class  work,  although,  if  the  piping  is  generously 
proportioned,  standard  fittings  will  answer.  A  hot-water  thermome- 
ter should  always  be  placed  on  the  boiler  or  near  it,  in  the  flow-main. 

Radiator  Connections.  For  direct  radiators,  the  connections  are 
commonly  1-inch  for  sizes  up  to  40  square  feet;  l|-inch,  for  sizes  of  72 
square  feet ;  H-inch  to  2-inch  for  sizes  larger  than  72  square  feet.  On 
floors  above  the  first,  the  connections  may  be  made  smaller  if  the  hor- 
izontal runs  are  short,  the  sizes  to  conform  to  table. 

Expansion-Tank  Connections.  About  the  simplest  arrangementof 
expansion-tank  connections  is  shown  in  Fig.  lOG.  The  expansion  pipe 
IS  commonly  connected  with  a  return  line  in  the  basement,  there  being 
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less  likelihood  of  the  water  boiling  over  in  case  of  a  hot  fire  with  this 
arrangement  than  when  the  expansion  pipe  is  merely  an  extension  of  a 
supply  riser.  There  must  be  no  valve  on  this  pipe,  as  its  closure 
would  almost  certainly  result  in  a  bursting  of  some  part  of  the  system. 
Great  pains  must  be  taken  to  guard  against  the  freezing  of  the 
expansion  pipe.  If  there  is  any  danger  what- 
ever, a  circulating  pipe  should  be  added,  as 
shown,  this  pij)c  being  connected  with  one 
of  the  flow-pipes  or  supply  risers,  to  insure  a 
continuous  circulation. 

Open-Tank  versus  Pressure  System.  The 
open-tank  system,  although  having  its  disad- 
vantages, is  generally  to  be  preferred  to  the 
pressure  or  closed -tank  system.  With  the 
open-tank  system,  the  water  cannot  get  much 
above  212°  at  the  heater,  without  boiling  in 
the  expansion  tank  and  blowing  part  of 
the  water  out  of  the  system,  causing,  mean- 
while, objectionable  noises  in  the  system.  On 
the  other  hand,  the  open  expansion  tank  into 
which  the  water  can  freely  expand  when  heated 
is  the  best  possible  safety  device  to  prevent 
overpressure. 

With    the    closed-tank    system,   a   safety- 
valve  is  used.     If    it  operates  properly,   well 
and  good;  otherwise  an  element  of  danger  is 
introduced,  antl,  in  case  an  excessive  pressure 
is  developed,  the  heater  becomes  far  more  dan- 
gerous than  a  steam  boiler,  owing  to  the  much 
greater  volume  of  water  in  the  system. 
With  this  system,   two  safety-valves  with   non-corrosive  seats 
should  be  used,  unless  some  well-tested  device  of  demonstrated  merit 
designed  especially  for  this  purpose  is  adopted. 

The  advantage  of  the  closed-tank  system  is  that  smaller  radiators 
may  be  used,  since  they  can  be  heated  as  hot  with  water  imder  pressure 
as  they  would  be  if  heated  with  steam. 

Wlien  full  street  pressure  is  applietl  to  a  system,  and  no  ex- 
pansion tank  is  used,  the  radiators  are  subjected  to  an  unnecessary 


rig.  106.    Expansion 
Tank  Connections. 
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strain;  and  in  case  of  rupture  in  any  part  of  the  system,  much  greater 
damage  results  than  would  he  the  case  with  an  open-tank  system. 

System  of  Forced  Circulation.  In  extensive  systems  the  water 
is  kept  in  circulation  by  pumps,  which  arc  capable  of  producing  a 
much  higher  velocity  in  the  pipes  than  could  be  secured  by  gravity. 
This  system  is  used  principally  in  connection  with  power  plants,  the 
water  being  heated  in  tubular  heaters,  by  means  of  the  exhaust  steam 
from  the  engines.  ]\Iuch  smaller  supply  mains  may  be  used  in  this 
system  than  with  steam  heating,  because  of  the  greater  capacity  of 
water  for  carrying  heat.  On  the  other  hand  steam  returns  are 
smaller. 

Table  X  gives  the  capacities  of  expansion  tanks : 

TABLE   X 

Radiation  Capacities  of  Expansion  Tanlcs 

DiKECT  Radiating  Surface 
TO  WHICH  Tank  is  Adapted 

200  sq.  ft. 

450   "  " 

700  "  " 

1000  "  " 

1400  "  " 

1900  "  " 

2400  "  " 

2900  "  " 

COMPUTING   RADIATION 

Computing  Direct  Radiation.  The  process  of  computing  hot- 
water  radiating  surface  is  precisely  the  same  as  that  explained  for  ascer- 
taining the  amount  of  steam  radiation  required  for  a  given  case,  with 
this  important  exception:  the  hot-water  radiators  give  off  only  about 
f  as  much  heat  per  square  foot  as  is  emitted  by  a  steam  radiator; 
hence  calculations  must  be  based  on  an  allowance  of  150  heat  units  per 
square  foot  of  direct  radiating  surface  per  hour,  instead  of  250  heat 
units  used  in  connection  with  steam-heating  work. 

It  has  been  stated  that  direct-indirect  hot-water  radiators  are 
rarely  used.  In  case,  however,  it  is  desired  to  compute  the  amount 
of  this  class  of  radiation  for  a  given  service,  proceed  as  explained  for 
steam  heating,  but  allow  only  f  as  much  heat  emitted  per  square  foot 
as  that  given  off  by  steam  radiat^^^s. 

Computing  Indirect  Radiation.     With  indirect  hot-water  radia- 


Capacity  of  Tank 

5 

gallons 

10 

li 

15 

It 

20 

t( 

30 

a 

40 

ii 

50 

ti 

60 

li 
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tion  in  connection  with  the  open-tank  system,  the  radiators  must  be 
deeper  than  for  steam  heating,  in  order  properly  to  heat  the  air. 

The  greater  depth  retards  the  flow  of  air;  and  since  the  water  is  at 
a  much  lower  temperature  than  steam,  the  heating  capacity  of  indirect 
extended-surface  hot-water  radiators  should  be  taken  at  not  far  from 
300  heat  units  per  square  foot  per  hour,  as  against  400  or  more  heat 
units  for  indirect  steam  radiation. 

To  compute  the  amount  of  radiation  required,  proceed  as  ex- 
plained for  indirect  steam  heating;  that  is,  compute  the  amount  of 
direct  radiation  as  pointed  out  under  the  preceding  heading,  then  add 
not  less  than  GO  per  cent  to  this  amount,  to  ascertain  the  indirect  radi- 
ating surface  required. 

This  method,  though  perhaps  crude,  has  the  advantages  of  being 
simple  and  of  affording  a  check  on  the  work,  since  one  soon  knows 
by  experience  about  what  the  ratio  should  be  to  heat  a  room  of  given 
size  by  direct  radiation.  For  example,  take  a  room  with  3000  cubic 
feet,  to  heat  which  the  ratio  for  direct  radiation  should  be,  say,  1  square 
foot  to  30  cubic  feet,  giving  a  100-square  foot  radiator.  Adding  GO 
per  cent  for  indirect  radiation,  gives  IGO  square  feet,  or  a  ratio  of  1 
square  foot  to  a  litde  less  than  20  cubic  feet  of  space. 

Indirect  hot-water  radiators  with  extended  pins  or  ribs  will,  with 
the  open-tank  system,  give  off  not  far  from  250  to  300  heat  units  per 
hour  per  square  foot  of  extended  surface. 

DUCTS    AND    FLUES 

Areas  of  Ducts  and  Flues.  AVhen  indirect  radiation  is  installed 
primarily  for  heating,  ventilation  being  a  secondary  consideration, 
it  is  desirable  to  make  the  flues  somewhat  smaller  in  proportion  to  the 
heating  surface  than  is  done  with  steam  heating.  If  the  flues  are  made 
too  large,  the  flow  through  the  radiators  will  be  too  rapid,  and  the  air 
will  not  get  hot  enough.  It  costs  far  more  in  fuel  to  heat  with  a  large 
volume  of  moderately  warmed  air  than  with  a  smaller  volume  of  hotter 
air. 

Duct  and  flue  proportions  for  hot-water  heating  should  be  approx 
imately  as  follows:— Cold-air  ducts,  f  to  1  sc|.  in.  per  sq.  ft.  of  in- 
direct radiating  surface;  first-floor  flues,  1|^  to  U  sq.  in.  per  sq.  ft.; 
second-floor  flues,  1  to  U  sq.  in.  per  sq.  ft. ;  third-floor  flues  and  above, 
I  to  1  sq.  in.  per  sq.  ft.  of  surface. 
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The  backs  and  sides  of  flues  in  exposed  walls  should  be  covered 
with  non-conducting  material. 

Flue  Velocities.  The  flue  velocities  will  be  somewhat  lower  than 
with  steam  heating,  because  of  the  lower  temperature  of  the  air. 
Reasonable  allowance  would  be  250,  350,  400,  and  450  feet  per  minute 
for  the  first,  second,  third,- and  fourth  floors  respectively. 

Heating  Water.  The  size  of  heater  or  steam  coil  necessary  to 
heat  water  may  be  very  readily  determined  on  the  heat-unit  basis,  if 
one  knows  the  volume  of  water  to  be  heated,  the  number  of  degrees 
its  temperature  is  to  be  raised,  and  the  tmie  during  which  the  heating- 
must  be  done. 

For  example,  what  size  of  heater  would  be  required  to  heat  300 
gallons  of  water  in  6  hours  from  60°  to  160°? 

In  one  hour  50  gals,  would  be  heated  100°  F.;  and  since  one  gal. 
weighs  S^  lbs.,  50  X  8^  X  100  =  41,667  heat  units  would  be  required. 

Small  heaters  may  be  counted  on  to  transmit  to  the  water  about 
7000  heat  units  per  pound  of  coal  burned.  The  rate  of  combustion 
should  be  assumed  to  be  from  3  to  6  pounds  per  square  foot  of  grate 
per  hour,  according  to  the  amount  of  attendance  it  is  convenient  to 
give. 

With  a  4-pound  rate,  28,000  heat  units  would  be  furnished  per 
square  foot  of  grate  surface  per  hour  for  heating  the  water.  Therefore 
the  heat  units  per  hour  necessary  to  raise  the  temperature  of  the  water — 
tv"z.,  41,667  — divided  by  28,000,  gives  the  nmnber  of  square  feet  of 
grate  surface  required,  which  is  equal  to  about  1^  corresponding  to  a 
diameter  of  16i  inches. 

To  determine  the  size  of  steam  boiler  and  coil  required  to  heat  a 
large  volume  of  water  in  a  tank,  proceed  as  follows:  Take,  for  ex- 
ample, a  24,000-gallon  tank,  the  water  in  which  is  to  be  heated  from 
45°  to  75°  in  10  hours.  Now  24,000  gals.  X  8^  pounds  X  30°  rise  in 
temperature  =  6,000,000  heat  units,  or  600,000  heat  units  per  hour. 

Assimiing  8000  heat  units  to  be  utilized  per  pound  of  coal  burned 
at,  say,  a  7^-pound  rate,  one  square  foot  of  grate  will  supply  60,000  heat 
units  per  hour;  hence,  10  square  feet  of  grate  surface  will  be  required. 

There  will,  however,  be  a  certain  loss  of  heat  from  the  tank  by 
radiation,  conduction,  and  evaporation;  therefore,  not  less  than,  say, 
12  square  feet  should  be  used  in  order  to  provide  a  reasonable  margin. 

As  to  the  size  of  steam  coil  required,  a  square  foot  of  pipe  surface 
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surrounded  by  circulating  water  may  be  assumed  to  transmit  to  the 
water  not  far  from  100  heat  units  per  degree  difference  in  temperature 
between  the  steam  and  the  water  in  contact  with  tlie  pipe. 

Assume  the  steam  temperature  to  be  230°,  corresponding  to  a 
trifle  more  than  5  pounds  gauge  pressure,  ^\^len  the  water  in  the  tank 
is  cold,  the  condensation  of  steam  in  the  coil  will  be  much  more  rapid 
than  when  the  surrounding  water  becomes  warmer.  The  average 
temperature  of  the  water  during  the  10-hour  period  is  60°;  but  the 
water  leaving  the  pipe  and  in  contact  with  the  upper  half  of  its  surface 
is  at  a  considerably  higher  temperature  than  the  main  body  of  water 
in  the  tank;  therefore,  with  natural  circulation,  it  is  well  to  make  ample 
allowance  for  the  effect  of  this  skin  of  warm  water  surrounding  the 
steam  coils,  and  to  assume  that  they  will  not  give  off  more  than  §  as 
much  heat  as  that  corresponding  to  the  difference  in  temperature  be- 
tween the  steam  and  the  water  in  the  tank,  based  on  100  heat  units  per 
degree  difference  as  stated  above. 

In  other  words,  allow  only  C6§ — or,  in  round  numbers,  70 — heat 
units  per  hour  per  degree  difference  in  temperature  betv.  een  the  steam 
and  the  water  in  the  tank. 

If  the  difference  in  temperature  is  230°-70°  =  1G0°,  on  the 
basis  stated,  one  square  foot  of  coil  would  give  off  70  X  160  =  11,200 
heat  units  per  scjuare  foot  per  hour;  and  since  600,000  heat  units  must 
be  supplied  to  the  water,  a  53-square  foot  coil  or  slightly  larger  would 
be  required,  equal  to  about  122  ft.  of  li-inch  pipe. 
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METHODS  OF  WIRING 

The  different  methods  of  wirmg  which  are  now  approved  by  the 
National  Board  of  Fire  Underwriters,  may  he  classified  nnder  four 
general  heads,  as  follows: 

1.  Wires  Run  Concealed  in  Conduits. 

2.  Wires  Run  in  Moulding. 

3.  Concealed  Knob  and  Tube  Wiring. 

4.  Wires  Run  Exposed  on  Insulators. 

WIRES  RUN  CONCEALED  IN  CONDUITS 

Under  this  general  head,  will  be  included  the  following: 

(a)     Wires  run  in  rigid  conduits. 

(6)     Wires  run  in  flexible  metal  conduits. 

(c)     Armored  cable. 

Wires  Run  in  Rigid  Conduit.  The  form  of  rigid  metal  conduit  now 
used  almost  exclusively,  consists  of  plain  iron  gaspipe  the  interior  sur- 
face of  which  has  been  prepared  by  removing  the  scale  and  by  remov- 
ing the  irregularities,  and  which  is  then  coated  with  flexible  enamel. 
The  outside  of  the  pipe  is  given  a  thin  coat  of  enamel  in  some  cases, 
and,  in  other 
cases,  is  "galvan- 
ize d  .  Fig.  1 
shows  one  make 

n  1     1    f'  ^^S-  1-    Rigiil  Enameled  Conduit,  Unlined. 

01  enameieu   (Un-  courtesy  of  American  Conduit  Mfg.  Co.,  Pittsburg,  Pa. 

lined)  conduit. 

Another  form  of  rigid  conduit  is  that  known  as  the  armored  con- 
duit, which"  consists  of  iron  pipe  with  an  interior  lining  of  paper 
impregnated  with  asphaltum  or  similar  compound.  This  latter  form 
of  conduit  is  now  rapidly  going  out  of  use,  owing  to  the  unlined  pi})e 
being  cheaper  and  easier  to  install,  and  owing  also  to  improved  methods 
of  protecting  the  iron  pipe  from  corrosion,  and  to  the  introduction  of 
additional  braitl  on  the  conductors,  which  partly  compensates  for  the 
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pipe  being  unlined.  Tiie  introtliietion  of  improved  devices — such  as 
outlet  insulators,  for  protecting  the  conductors  from  the  sharp  edges  of 
the  pipe,  at  outlets,  cut-out  cabinets,  etc. — also  decreases  the  neces- 
sity of  the  additional  protection  afforded  by  the  interior  paper  lining. 

Rigid  Conduits  are  made  in  gaspipe  sizes,  from  one-half  inch  to 
three  inches  in  diameter.  The  following  table  gives  the  various  data 
relating  to  rigid,  enameled  (unlined)  conduit: 

TABLE  I 
Rigid,  Enameled  Conduit-  Sizes,  Dimensions,  Etc. 


Nominal 

Number  of 

Actual 

Nominal 

Standaiu) 

Thickness 

Weight 

Threads 

OuTiSIPE 

Inside 

Pipe  Sizb 

I'EK 

PEK  Inch 

Diameter. 

Diameter. 

100  Feet 

OF  Screw 

Inches 

Inches 

h 

.109 

84 

14 

.84 

.62 

? 

.113 

112 

14 

1.05 

.82 

1 

.134 

167 

IH 

1.31 

1,04 

u. 

.140 

224 

Hi 

1.66 

1.38 

li 

.145 

268 

Hi 

1.90 

1.61 

2 

.154 

361 

lU    . 

2.37 

2.06 

2i 

.204 

574 

8 

2.87 

2.46 

3 

.217 

754 

8 

3.50 

3.06 

Tables  II,  III,  and  IV  give  the  various  sizes  of  conductors  that 
may  be  installed  in  these  conduits.     Caution  must  be  exercised  in 

TABLE   II 
Single  Wire  in  Conduit 


Size  Wire,  B.  &  S.  G. 

Loricated  Co 

NDUIT,  Unlined;  D.  B.  Wire 

No.  14-4 

i 

inch 

"       2 

i 

it 

"       1 

i 

It 

"       0 

i 

inch 

or  1 

tt 

"       00 

1 

a 

"       000 

. 

1 

It 

0000 

1 

It 

250,000  C. 

M. 

u 

It 

.300,000  C. 

M. 

H 

It 

3.50, 000  C. 

M. 

U 

tt 

400,000  C. 

M. 

li 

ti 

or  Ih 

ti 

4.50.000  C. 

M. 

H 

II 

.500,000  C. 

M. 

H 

It 

600,000  C. 

M. 

H 

tt 

or  2 

11 

700,000  C. 

M. 

2 

t: 

800,000  C. 

M. 

2 

tt 

900,000  C. 

M. 

2 

tt 

1,000.000  C. 

M. 

2 

u 

or  2i 

It 

1,. 500. 000  V. 

M. 

'4 

It 

1,700,000  C. 

M. 

3 

tt 

2,000, 000  C. 

M. 

3 

tt 
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TABLE    III 
Two  Wires  in  One  Conduit 


Size  Wire.  B.  &  S.  G. 

1jORIC.\TED   CONDUn 

,  Unlined;   D,  B.  Wire 

No.  14 

h  inch. 

•'      12 

h 

inch 

or      i     " 

"      10 

a     " 

"       8 

1 

"       6 

1 

"       5 

1 

(I 

or  U      " 

"       4 

U      " 

"       3 

U      " 

"      2 

li 

li 

or  U      " 

"      1 

n    " 

"       0 

U      " 

"       00 

u 

i  I 

or  2 

"       000 

2        " 

0000 

2        " 

250.000  C.  M. 

•> 

(i 

or  2i      " 

300.000  C.  M. 

2i      " 

350.000  C.  M. 

2;^     " 

400,000  C.  M. 

2k 

a 

or  3 

450.000  C.  M. 

3 

500.000  C.  M. 

3 

600.000  C.  M. 

3 

700.000  C.  M. 

3 

TABLE  IV 
Three  Wires  in  One  Conduit 


Size  Wire 

B.&S.  G. 

LoRiPATED   Tube,   Unlined; 

D.  B.  Wire 

Outside 

Center 

No.    14 

No.    12 

J  inch 

'      12 

"       10 

3         .1 
1 

'      10 

8 

1 

8 

6 

1 

6 

.      "        4 

U     ' 

5 

2 

U     ' 

4 

1 

\\    inch  or   li 

3 

0 

U      ' 

2 

"     2/0 

U      '^      or  2 

1 

"     3/0 

2 

0 

"     4/0 

2 

'     2/0 

250  M. 

2        "      or  2;^      ' 

'     3/0 

300  M. 

2*      ' 

"     4/0 

400  M. 

2h      ' 

250  M. 

450  M. 

2i      ■'      or  3 

250  M. 

500  M. 

3 

300  M. 

600  M. 

3 

350  M. 

700  M. 

3 

400  M. 

800  M. 

3 

450  M. 

900  M. 

3 

203 


ELECTRIC  WIRING 


using  these  tables,  for  the  reason  that  the  sizes  of  conductors  which 
mav  be  safelv  installed  in  any  run  of  conduit  depend,  of  course,  upon 
the  length  of  and  the  number  of  bends  in  the  run.  The  tables  are 
based  on  average  conditions  where  the  run  does  not  exceed  90  to  100 
feet,  without  more  than  three  or  four  bends,  in  the  case  of  the  smaller 
sizes  of  wires  for  a  given  size  of  conduit;  and  where  the  nm  does  not 
exceed  40  to  50  feet,  with  not  more  than  one  or  two  bends,  in  the  case 
of  the  larger  sizes  of  wires,  for  the  same  sizes  of  conduit. 

I'nlined  conduit  can  be  bent  without  injury  to  the  conduit,  if  the 
conduit  is  properly  made  and  if  proper  means"  are  used  in  making  the 
bends.  Care  should  be  exercised  to  avoid  flattening  the  tube  as  a  result 
of  making  the  bend  over  a  sharp  curve  or  angle. 

In  installing  iron  conduits,  the  conduits  should  cross  sleepers  or 
beams  at  right  angles,  so  as. to  reduce  the  amount  of  cutting  of  the 
beams  or  sleepers  to  a  minimum. 

AMiere  a  number  of  conduits  originate  at  a  center  of  distribution, 
they  should  be  run  at  right  angles  for  a  distance  of  two  or  three  feet . 
from  the  cut-out  box,  in  order  to  obtain  a  symmetrical  and  workman- 
like arrangement  of  the  conduits,  and  so  as  to  have  them  enter  the 
cabinet  in  a  neat  manner.  While  it  is  usual  to  use  red  or  white  lead 
at  the  joints  of  conduits  in  order  to  make  them  water-tight,  this  is 
frefjuently  unnecessary  in  the  case  of  enameled  conduit,  as  there  is 
often  sufficient  enamel  on  the  thread  to  make  a  water-tight  joint. 

When  iron  conduits  are  installed  in  ash  concrete,  in  Keene 
cement,  or,  in  general,  where  they  are  subject  in  any  way  to  corrosive 
action,  they  should  be  coated  with  asphaltum  or  other  similar  protec- 
tive paint  to  prevent  such  action. 

While  the  cost  of  circuit  work  run  in  iron  conduits  is  usually 
greater  than  any  other  method  of  wiring,  it  is  the  most  permanent 
and  durable,  and  is  strongly  recommended  where  the  first  cost  is  not 
the  sole  consideration.  This  method  of  wiring  should  always  be 
used  in  fireproof  buildings,  and  also  in  the  better  class  of  frame  build- 
ings. It  is  also  to  be  recommended  for  exposetl  work  where  the  work 
is  liable  to  disturbance  or  mechanical  damage. 

Wires  Run  in  Flexible  Metal  Conduit.  This  form  of  conduit, 
showm  in  Fig.  2,  is  described  by  the  manufacturers  as  a  conduit  com- 
posed of  "concave  and  convex  metal  strips  wound  spirally  upon  each 
other  in  such  a  manner  as  to  interlock  several  concave  surfaces  anil 
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Fig.  2.    Flexible  Steel  Conduit. 
Courtesij  of  Sterling  Electric  Co.,  Troy.  X.  T. 


present  their  convex  surfaces,  both  exterior  and  interior,  thereby 
securing  a  smooth  and  comparatively  frictionless  surface  inside  and 
out." 

The  field  for  the  use  of  this  form  of  conduit  is  rapidly  increasing. 
Owing  to  its  flexibility,  conduit  of  this  type  can  be  used  in  numerous 
cases  where  tlie 
rigid  conduit 
could  not  possi- 
b 1 y  be  e  m - 
ployed.  Its  use 
is  to  be  recom- 
mended above 

all  the  other  fomis  of  wiring,  except  that  installed  in  rigid  conduits. 
For  new  fireproof  buildings,  it  is  not  so  durable  as  the  rigid  conduit, 
because  not  so  water-tight;  and  it  is  very  difficult,  if  not  impossible, 
to  obtain  as  workmanlike  a  conduit  system  with  the  flexible  as  w^ith  the 
rigid  type  of  conduit.  For  completed  or  old  frame  buildings,  however, 
the  use  of  the  flexible  conduit  is  superior  to  all  other  forms  of  wiring. 

Table  V  gives  the  inside  diameter  of  various  sizes  of  flexible  con- 
duit, and  the  lengths  of  otandard  coils.  The  inside  diameter  of  this 
conduit  is  the  same  as  that  of  the  rigid  conduit;  and  the  table  given 
for  the  maximum  sizes  of  conductors  which  may  be  installed  in  the 
various  sizes  of  conduits,  may  be  used  also  for  flexible  steel  conduits, 
except  that  a  little  more  margin  should  be  allowed  for  flexible  steel 
conduits  than  for  the  rigid  conduits,  as  the  stifl'ness  of  the  latter  makes 
it  possible  to  pull  in  slightly  larger  sized  conductors. 

TABLE   V 
Greenfield  Flexible  Steel  Conduit 


Inside 

Diameter 

Approximate  Feet  i.\  Coil 

h 

inch 

200 

a 

200 

\ 

(( 

100 

1 

(( 

50 

1 

it 

50 

u 

inches 

50 

u 

u 

50 

2 

It 

Random  Lengths 

2^ 

tt 

" 

3 

tt 

tt              tt 
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This  conduit  should,  of  course,  be  first  installed  without  the  con- 
ductors, in  the  same  manner  as  the  rigid  conduit.  Owing  to  the 
flexibility  of  this  conduit,  however,  it  is  absolutely  essential  to  fasten 
it  securely  at  all  elbows,  bends,  or  offsets;  for,  if  this  is  not  done,  con- 
siderable difficulty  will  be  ex- 
Derienced  in  drawing  the  con- 
ductors  in  the  conduit. 
The  ndes  governing  the  in- 


stallation of  this  conduit  are 
the   same    as    those  covering 
rigid  conduits.  Double-l)raided 
Fi^  Use  of  FJbow  Clamp  for  Fastening  Flex-  conductors  are  recjuired,  and 

Ible  ("oiiduit  in  Place.  ,,  i     •,     i         i  i  i  11 

the  conduit  should  be  grounded 
as  required  by  the  Code  Rules.  As  already  stated,  the  conduit  should 
be  securely  fastened  (in  not  less  than  three  places)  at  all  elbows;  or 
else  the  special  elbow  clamp  made  for  this  purpose,  shown  in  Fig.  3, 
should  be  used. 

In  order  to  cut  flexible  steel  conduit  properly,  a  fine  hack  saw 
should  be  employed.  Outlet-boxes  are  recjuired  at  all  outlets,  as  well 
as  bushing  and  wires  to  rigid 
conduit.  Fig.  4  shows  a  coil 
of  flexible  steel  conduit.  Figs. 
5,  6,  and  7  show,  respectively, 
an  outlet  box  and  cover,  outlet 
plate,  and  bushing  used  for  this 
conduit. 

Armore4  Cable.  There 
are  many  cases  where  it  is  im- 
possible to  install  a  conduit 
system.  In  such  cases,  prob- 
bably  the  next  best  results  may 
be  obtained  by  the  use  of  steel 
arviored  cable.  The  rules  gov- 
erning tlie  instidlation  of  armored  cable  are  given  in  the  National 
Electric  Code,  under  Section  24-A,  and  Section  48;  also  in  24-S.  This 
cable  is  shown  in  Fig.  8. 

Steel  armored  cable  is  made  by  winding  formed  steel  strips  over 
the  insulated  conductors.     The  steel  strips  are  similar  to  those  used 


Fig.  4.  A 100- Foot  Coil  of  Flexible  Steel  Conduit. 
Courtesy  of  Sprugue  Electric  Co.,  New  York,  N.  Y. 
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for  the  steel  conduit.     Care  is  taken  in  forming  the  cable,  to  avoid 
crushing  or  abraiding  the  insulation  on  the  conductors  as  the  steel 


Fig.  5.    Outlet  Box  for  Flexible  Steel  Conduit. 

strips  are  fed  and  formed  over  the  same.     In  the  process  of  manufac- 
ture, the  spools  of  steel  ribbon  are  of  irregular  length,  and  when  a 


^Si 


Fig.  6.    Outlet  Plate  for  Flexible  Steel  Fig.  7.    Outlet  Bushing. 

Conduit.  Courtesy  of  SprdgueElectric  Co..yewYork,  X.Y. 

spool  is  empty,  the  machine  is  stopped,  and  the  ribbon  is  started  on 
the  next  spool,  the  process  being  continued.     There  is  no  reason  why 


F    N"    ^   \ 


Fig.  8.    Flexible  Armored  Cable.    Twin  Conductors. 
Courtesy  of  Sprague  Electric  Co.,  Xew  York,  N.  Y. 

the  conduit  cables  could  not  be  made  of  anv  length ;  but  their  actual 
lengths  as  made  are  determined  bv  convenience  in  handling.     Armored 
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cable  is  made  in  single  conductors  from  No.  1  to  No.  10  B.  &  S.  G.; 
in  twin  conductors,  from  No.  6  to  No.  14  B.  &  S.  G.;  and  three-conduc- 
tor cable,  from  No.  10  to  No.  14  B.  &  S.  G.  Table  VI  gives  various 
data  relating  to  am:iored  conductors: 

TABLE  VI 
Armored  Conductors— Types,  Dimensions,  Etc. 


Size 

OUTSIPE 

B,  &S. 

Type  and  Ni'mhkr  oi--  Conductors 

DiAMt;Ti:K 

Gauge 

(Inches) 

No. 

14 

BX  t 

win  conductor 

.03 

t  i 

12 

" 

a                      a 

.085 

<i 

10 

it 

It                      it 

.72o 

it 

8 

i  t 

ti                      it 

.875 

it 

G 

tt 

it 

1.3125 

tt 

U 

BM  t 

win  conductor  (for  marine  work — ship   wiring) 

.725 

11 

12 

(t 

.'<              11 

.725 

n 

10 

tt 

lilt 

.73 

l<  . 

14 

BX3  three  conductor 

.71 

it 

12 

tt 

ti                        a 

.725 

1< 

10 

It 

li                        it 

.73 

It 

14 

BXL  twin  conductor,  leaded 

725 

It 

12 

a 

a                     a                        i< 

.725 

It 

10 

tt 

it                     it                        tt 

.87 

It 

14 

BXL3  three  conductor,  leaded 

.90 

tl 

12 

(( 

it                     it                   ■      it 

.90 

tt 

10 

It 

tl                     it                         it 

.94 

It 

10 

Type 

I)  single  conductor,  stranded 

..550 

11 

8 

t  i 

it               li                           i.                                    n 

.550 

11 

6 

ti 

((         (I                 it                      ti 

.575 

It 

4 

li 

11         it                tl                     tt 

.700 

II 

2 

it 

li         <<                 II                     <( 

.900 

(t 

1 

{( 

it          II                  it                        It 

.965 

It 

10 

Type 

DL  single  conductor,  stranded,  leaded 

.025 

tt 

8 

a 

li        it             i(                    it               It 

.710 

It 

6 

ti 

it        II             11                   It              tl 

.700 

It 

4 

it 

It        it             it                   II              '< 

.760 

It 

2 

tt 

It        <(               t                   II              II 

.920 

II 

1 

it 

it        It             ((                   II              II 
Steel  Armored  Flexible  Cord 

.910 

18 

Type 

E  twin  conductor 

.40 

10 

i  I 

It      ti              It 

.40 

14 

it 

it         a                     It 

.47 

18 

Type 

EM  twin  conductor,  rc-inforced 

.575 

16 

%i 

it             it                     a                                 it                                    .          . 

..585 

14 

tc 

a            tl                    it                               tl 

.595 

In  Table  VI,  Tvpes  D  (single),  BX  (twin),  and  BX3  (3  conduc- 
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tors)  are  amiored  cable  adapted  for  ordinary  indoor  work.  Type 
BM  (twin  conductors)  is  adapted  for  marine  wiring.  Types  DL 
(single),  BXL  (twin),  and  BXL  3  (3  conductors)  have  the  conductors 
lead-encased,  with  the  steel  armor  outside,  and  are  especially  adapted 
for  damp  places,  such  as  breweries,  stables,  and  similar  places. 

Type  E  is  used  for  flexible-cord  pendants,  and  is  suitable  for 
factories,  mills,  show  windows,  and  other  similar  places.  Type  EM 
is  the  same  as  Type  E;  but  the  flexible  cord  is  reinforced,  and  is  suit- 
able for  m.arine  work,  for  use  in  damp  places,  and  in  all  cases  where  it 
will  be  subject  to  ver^'  rough  handling. 

AMiile  this  form  of  wiring  has  not  the  advantage  of  the  conduit 
system-^namely,  that  the  wires  can  be  withdrawn  and  new  wires 
inserted  without  disturbing  the  building  in  any  way  whatever — ^yet  it 
has  many  of  the  advantages  of  the  flexible  steel  conduit,  and  it  has 
some  additional  advantages  of  its  own.  For  example,  in  a  building 
already  erected,  this  cable  can  be  fished  between  the  floors  and  in  the 
partition  walls,  where  it  would  be  impossible  to  install  either  rigid 
conduit  or  flexible  steel  conduit  without  disturbing  the  floors  or 
walls  to  an  extent  that  would  be  objectionable. 

Armored  conductors  should  be  continuous  from  outlet  to  outlet, 
without  being  spliced  and  installed  on  the  loop  system.  Outlet  boxes 
should  be  installed  at  all  outlets,  although,  where  this  is  impossible, 
outlet  plates  may  be  used  under  certain  conditions.  Clamps  should 
be  provided  at  all  outlets,  switch-boxes,  junction-boxes,  etc.,  to  hold 
the  cable  in  place,  and  also  to  sers'e  as  a  means  of  grounding  the  steel 
sheathing. 

Armored  cable  is  less  expensive  than  the  rigid  conduit  or  the 
flexible  steel  conduit,  but  more  expensive  than  cleat  wiring  or  knob 
and  tube  wiring,  and  is  strongly  recommended  in  preference  to  the 
latter. 

WIRES  RUN  IN  MOULDING 

^Moulding  is  very  extensively  used  for  electric  circuit  work,  in 
extending  circuits  in  buildings  which  have  alreadv  been  wired,  and 
also  in  wiring  buildings  which  were  not  provided  with  electric  circuit 
v/ork  at  the  time  of  their  erection.  The  reason  for  the  popularity  of 
moulding  is  that  it  furnishes  a  convenient  and  fairly  good-looking 
runway  for  the  wires,  and  protects  them  from  m^echanical  injury. 
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Fig.  9.    Two- Wire  Wood  Moulding. 


It  seems  almo.st  unwise  to  place  conductors  carn-ing  electric  current, 
in  wood  casing;  but  this  method  is  still  permitted  by  the  Naiional 
Electric  Code,  although  it  is  not  allowed  in  damp  places  or  in  places 

where  there  is  liability  to  damp- 

-\-y s!    1   t        ness,  such  as  on  l)nck  walls, 

in  cellars,  etc. 

The  dangers  from  the  use  of 
moulding  are  that  if  the  wood 
becomes  soaked  with  water, 
there  will  be  a  liability  to  leak- 
age of  current  between  the  conductors  run  in  the  grooves  of  the  mould- 
ing,and  to  fire  beingthereby  started, which  may  not  be  immediately  dis- 
covered. Furthermore,  if  the  conductors  are  overloaded,  and  conse- 
quently overheatetl,  the  wood  is  likely  to  become  charred  and  finally  ig- 
nited. ^Moreover,  the  moukling  itself  is  always  a  temptation  as  affording 
a  good  "round  strip"  in  which  to  drive  nails,  hooks,  etc.  However,  the 
convenience  and  popularity  of  moulding  cannot  be  denied ;  and  until 
some  better  substitute  is  found,  or  until  its  use  is  forl)idden  bv  the 
Rules,  it  will  continue  to  be  used  to  a  very  great  extent  for  running 
circuits  outside  of  the  walls  and  on  the  ceilings  of  existing  buildings. 
Figs.  9, 10,  11,  and  12  show  two- and  three-wire  moulding  respectively;" 
and  Table  VII  gives  complete  data  as  to  sizes  of  the  moulding  required 
for  various  sizes  of  conductors. 

While  the  Rules  recommend  the  u.se  of  hardwood  moulding,  as  a 
matter  of  fact  probably  90  per  cent  of  the  moulding  used  is  of  white- 
wood  or  other  similar  cheap,  soft  wood.    Georgia  pine  or  oak  ordinarily 
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Fig.  10.    Two- Wire  Wood  Moulding. 


co.sts  about  twice  as  much  as  the  soft  wood.  In  designing  moulding 
work,  if  appearance  is  of  importance,  the  moulding  circuits  .should 
be  laid  out  so  as  to  afford  a  symmetrical  and  complete  design.     For 
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example,  if  an  outlet  is  to  be  located  in  the  center  of  the  ceiling, 
the  moulding  should  be  continued  from  wall  to  wall,  the  portion  beyond 
the  outlet,  of  course,  having  no  conductors  inside  of  the  moulding. 
If  four  outlets  are  to  be  placed  on  the  ceiling,  the  rectangle  of  moulding 
should  be  completed  on  the  fourth  side,  although,  of  course,  no  con- 


CD 


T 


T 


^ 


iCa*— 


A 


CD     I 


Aa*  -  Ab  -  *  Aa 


X 


•Ac 


■A- 


CQ 


Fig.  11.    Three-Wire  Wood  MouldiDg. 

ductors  need  be  placed  in  this  portion  of  the  moulding.  Doing  this 
increases  the  cost  but  little  and  adds  greatly  to  the  appearance. 

Moulding  is  frequently  used  in  combination  with  other  methods 
of  wiring,  including  armored  cable,  flexible  steel  tubing,  and  fibrous 
tubing.  In  many  instances,  it  is  possible  to  fish  tubing  between 
beams  or  studs  running  in  a  certain  direction;  but  when  the  conduc- 
tors are  to  run  iii  another  direction  or  at  right  angles  to  the  beams  or 
studs,  exposed  work  is  necessary.  In  such  cases,  a  junction-box  or 
outlet-box  must  be  placed  at  the  point  of  connection  between  the 
moulding  and  the  armored  cable  or  steel  tubing. 

AMiere  circuits  are  run  in  moulding,  and  pass  through  the  floor, 
additional  protection  must  be  provided,  as  required  by  the  Code  Rides, 
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Fig.  12.    Three-Wire  Wood  Moulding. 

to  protect  the  moulding.  As  a  rule,  it  is  better  to  use  conduit  for  all 
portions  of  moulding  within  six  feet  of  the  floor,  so  as  to  avoid  the 
possibility  of  injury  to  the  circuits.  Wliere  a  combination  of  iron 
conduit  or  flexible  steel  tubing  is  used  with  moulding,  it  is  well  to  use 
double-braided  conductors  throughout,  because,  although  only  single- 
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TABLE  VII 
Sizes  of  Mouldin?:s  Required  for  Various  Sizes  of  Conductors 


ol 
Z 

(£7 

u. 

to- 

z 

MAXIMUM 
SIZE  OF  WIRE 
Bands.  QAUQE 

DIMENSI0N5     IN   INCHES 
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braided  conductors- are  rec|uired  with  moulding,  double-braided  con- 
ductors are  required  with  unlined  conduit,  and  if  double-braided  con- 
ductors were  not  used  throughout,  it  would  be  necessary  to  make  a 
joint  at  the  outlet-box  where  the  moulding  stopped  and  the  conduit 
work  commenced.  AMiere  the  conductors  pass  through  floors,  in 
moulding  work,  and  where  iron  conduit  is  used,  the  inspection  authori- 
ties, in  order  to  protect  the  wire,  usually  recjuire  that  a  fibrous  tu])ing 
l)e  used  as  additional  protection  for  the  conductors  insiile  of  the  iron 
pipe,  although,  if  double-braided  wire  is  used,  this  will  not  usually  be 
refjuired.  Fig.  13  shows  a  fuseless  cord  rosette  for  use  with  moulding 
work.     Fig.  14  shows  a  device  for  making  a  tap  in  moulding  wiring. 

IMoulding  work,  under  ordinaiy  conditions,  costs  about  one-half 
as  much  as  circuit  run  in  rigid  conduit,  and  about  75  per  cent,  under 
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ordinary  conditions,  of  the  cost  of  armored  cable.  Where  the  latter 
method  of  wiring  or  the  conduit  system  can  be  employed,  one  or  the 
other  of  these  two  methods  should  be  used  in  preference  to  moulding. 


Fig.  13     Fuseless  Cord 
Rosette. 

Courtesy  of  Crouxe-  Himls  Co. 
Syracuse,  X.  Y. 


Fig.  1 4.    Device  for  Making  •  -Tiip"  in 
Mouldiug. 

Coui-tesy  of  H.  T.  Paixte  Co., 
PhUadeliihiu,  Pa. 


as  the  work  is  not  only  more  substantial,  but  also  safer.  Various  forms 
of  metal  moulding  have  been  introduced,  but  up  to  the  present  time 
have  not  met  with  the  success  which  they  deserve. 

CONCEALED  KNOB  AND  TUBE  WIRING 

This  method  of  wiring  is  still  allowed  by  the  National  Electric 
Code,  although  many  vigorous  attempts  have  been  made  to  have  it 
abolished.  Each  of  these  attempts  has  met  with  the  strongest 
opposition  from  contractors  and  central  stations,  particularly  in  small 
towns  and  villages,  the  argument  for  this  method  being,  that  it  is  the 
cheapest  method  of  wiring,  and  that  if  it  were  forbidden,  many  places 
which  are  wired  according  to  this  method  would  not  be  wired  at  all, 
and  the  use  of  electricity  would  therefore  be  much  restricted,  if  not 
entirely  done  away  with,  in  such  communities.  This  argument,  how- 
ever, is  only  a  temporary  makeshift  obstruction  in  the  way  of  inevitable 
progress,  and  in  a  few  years,  undoubtedly,  the  concealed  knob  and 
tube  method  will  be  forbidden  by  the  National  Electric  Code. 

The  cost  of  wiring  according  to  this  method  is  about  one-third 
of  the  cost  of  circuits  nm  in  rigid  conduit,  and  about  one-half  of  the 
cost  of  circuits  run  in  armored  cable.     The  latter  method  of  wiring 
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is  rapidly  replacing  knob  and  tube  wiring,  and  justly  so,  wherever 
the  additional  price  for  the  latter  method  of  wiring  can  be  obtained. 
As  the  name  indicates,  this  method  of  wiring  employs  porcelain  knobs- 


Fig.  15.    Knob  and  Tube  Wiring. 

and  tubes,  the  circuit  work  being  run  concealed  between  the  floor  beams 
and  studs  of  a  frame  building.  The  knobs  are  used  when  the  circuits 
run  parallel  to  the  floor  beams;  and  the  porcelain  tubes  are  used  when 
the  circuits  are  run  at  right  angles  to  the  floor  beams. 

Fig.  15  shows  an  example  of  knob  and  tube  wiring.  In  concealed 
knob  and  tube  wiring,  the  wires  must  be  separated  at  least  ten  inches 
from  one  another,  and  at  least  one  inch  from  the  surface  wired  over, 
that  is,  from  the  beams,  flooring,  etc.,  to  wdiich  the  insulator  is  fa.s- 
tened.  Fig.  IG  shows  a 
good  type  of  porcelain 
knob  for  this  class  of 
wiring.  For  knob  and 
tube  wiring,  it  will  be 
noted  that,  owing  to  the 
fact  that  the  wiring  is 
concealed,  the  conductors 
must  be  kept  further  apart  than  in  the  case  of  exposed  or  open  wiring 
on  insulators,  where,  except  in  damp  places,  the  wires  may  be  run  on 
cleats  or  on  insulators  only  one-half  inch  from  the  surface  wired  over. 


I'Ml,'.  l().    Porcelain  Knob. 
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Fibrous  Tubing.  Fibrous  tubing  is  frequently  used  with  knob 
and  tube  wiring,  and  the  regulations  governing  its  use  are  given  in 
Rule  24,  Section  S,  of  the  Xational  Electric  Code.  This  tubing,  as 
stated  in  this  Rule,  may  be  used  where  it  is  impossible  and  impracticable 
to  employ  knobs  and  tubes,  provided  the  difference  in  potential 
between  the  wires  is  not  over  300  volts,  and  if  the  wires  are  not  sub- 


Fig.  17.    Flexible  Tubing,  "Flexduct"  Type. 
Courtesy  of  Xational  Metal  Molding  Co.,  Pittsburg,  Pa. 

ject  to  moisture.  The  cost  of  wiring  in  flexible  fibrous  tubing  is 
approximately  about  the  same  as  the  cost  of  knob  and  tube  wiring. 
Duplex  conductors,  or  two  wires  together  are  not  allowed  in  fibrous 
tubing. 

Fibrous  tubing  is  required  at  all  outlets  where  conduit  or  armored 
cable  is  not  used  (as  in  knob  and  tube  wiring) ;  and,  as  required  by  the 
Rules,  it  must  extend  back  from  the  last  porcelain  support  to  one  inch 
beyond  the  outlet.     Fig.  17  shows  one  make  of  fibrous  tubing. 

Table  Vill  gives  the  maximum  sizes  of  conductors  (double- 
braided)  which  may  be  installed  in  fibrous  conduit. 


TABLE  VIII 
Sizes  of  Conductors  in  Fibrous  Conduit 


Outside 

Diameter 

Inside 
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Tube 
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250,000 

C.  M. 
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400,000 

C.  M. 
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750,000 

C.  M. 
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n 

1,000,000 

C.  M. 

2| 

2 

1,500,000 

C.  M. 

2| 

2i 

2,000,000 

C.  M. 
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WIRES  RUN  EXPOSED  ON  INSULATORS 

This  method  of  wirino;  has  the  advantages  of  cheapness, (hiraV)iHty, 
and  accessihihty. 

Cheapness.  The  relative  cost  of  this  method  of  wiring  as  com- 
pared with  that  of  the  concealed  conduit  system,  is  about  fifty  per  cent 
of  the  latter  if  rubber-covered  conductors  are  used,  and  about  forty 
per  cent  of  the  latter  if  weatherproof  slow-burning  conductors  are  used. 
As  the  Rides  of  the  Fire  Underwriters  allow  the  use  of  weatherproof 
slow-burning  conductors  in  dry  places,  considerable  saving  may  be 
efiected  bv  this  method  of  wiring,  provided  there  is  no  objection  to  it 


B'ig.  18.    La"ge  Feeders  Run  Exposed  on  Insulators. 

from  the  standpoint  of  appearance,  and  also  provided  th.at  it  is  not 
liable  to  mechanical  injury  or  disarrangement. 

^Durability.  It  is  a  well-known  fact  that  rubber  insulation  has  a 
relatively  short  life.  Inasmuch  as  in  this  method  of  wiring,  the  insula- 
tion does  not  depend  upon  the  insulation  of  tlie  conductors,  but  on 
the  insulators  themselves,  which  are  of  glass  or  porcelain,  this  system 
is  much  more  desirable  than  any  of  the  other  methods.  Of  course, 
if  the  conductors  are  mechanically  injured,  or  the  insulators  broken, 
the  insulation  of  the  system  is  reduced ;  but  there  is  no  gradual  dete- 
rioration as  there  is  in  the  case  of  other  methods  of  wiring,  where 
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rubber  is  depended  upon  for  insulation.  This  is  especially  true  in  hot 
Dlaces,  particularly  where  the  teniperliture  is  120°  F.  or  above.  For 
such  cases,  the  weatherproof  slow-burning  conductors  on  porcelain 
or  glass  insulators  are  especially  recomn^.ended. 

Accessibility.    The  conductors  being  run  exposed,  they  may  be 
readilv  repaired  or  removed,  or  connections  maybe  made  to  the  same. 

This  method  of 
wiring  is  especially 
recommended  for 
mills,  factories,  and 
for  large  or  long 
feeder  conductors. 
Fio-.  IS  shows  ex- 
amples  of  exposed 
laro:e  feeder  con- 
ductors,  installed  in  the  New  York  Life  Insurance  Building,  New 
York  City.  For  small  conductors,  up  to  say  No.  6  B.  &  S. 
Gauge  each,  porcelain  cleats  may  be  used  to  support  one,  two, 
or  three   conductors,   provided    the  distance   between   the  conduc- 


Fig.  19.    Two-V7ire  Cleat. 


Fig.  20.    One-Wire  Cleat. 


Fig.  21.       Porcelain   lusulatcr    for 
Large  Conductors. 


tors  is  at  least  2h  inches  in  a  two-wire  system,  and  2^  inches 
between  the  two  outside  conductors  in  a  three-wire  system  where  the 
potential  between  the  outside  conductors  is  not  over  300  volts.  The 
cleat  must  hold  the  wire  at  least  one-half  inch  from  the  surface  to  which 
the  cleat  is  fastened ;  and  in  damp  places  the  wire  must  be  held  at 
least  one  inch  from  the  surface  wired  over.     For  larger  conductors, 
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from  No.  6  to  No.  4  /  0  B.  &  S.  Ciuuge,  it  is  usual  to  use  single  porcelain 
cleats   or  kn.obs.     Figs.  19  and  20  show  a  good  form  of  two-wire 


P^g.  22.    Iron  Rack  and  Insulators  for  Large  Conductors. 

Courtesy  of  General  Electric  Co.,  Schenectady,  N.  Y. 


cleat  and  single-wire  cleat,  respectively. 

For  large  feeder  or  main  conductors 
from  No.  4/0  B.  &  S.  Gauge  upward,  a 
more  substantial  form  of  porcelain  insu- 
lator should  be  used,  such  as  shown  in 
Fig.  21.  These  insulators  are  held  in 
iron  racks  or  angle-iron  frames,  of  which 
two  forms  are  shown  in  Figs.  22  and  23. 
The  latter  form  of  rack  is  particularly  de- 
sirable for  heavy  conductors  and  where  a 
number  of  conductors  are  run  together. 
In  this  form  of  rack,  any  length  of  con- 
ductor can  be  removed  without  disturb- 
ing the  other  conductors. 

As  a  rule,  the  porcelain  insulators 
should  be  placed  not  more  than  4^  feet 
apart;  and  if  the  wires  are  liable  to  be 
disturbed,  the  distance  between  supports 
should  be  shortened,  particularly  for  small 
conductors.  If  the  beams  are  so  far 
apart  that  supports  cannot  be  obtained 
every  4^  feet,  it  is  necessary  to  provide  a 
running  board  as  shown  in  Fig.  24,  to 
which  the  porcelain  cleats  and  knobs 
can  be  fastened.  Figs.  25  and  26  show 
two  methods  of  supporting  small  con- 
ductors.   For  conductors  of  No.  8  B.  &  S. 


■^^^O, 


iJL 
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Fig.  23.    Elevation  and  Plan  of 
Insulators  Held  in  Angle- 
Iron  Frames. 
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be  protected  by  porcelain  tubes,  or,  if  the  conductors  be  of  mbber,  by 
means  of  fibrous  tubing  placed  inside  of  iron  conduits. 

All  conductors  on  the  walls  fpr  a  height  of  not  less  than  six  feet 
from  the  ground, either  should  be  boxetl  in,or,if  they  be  rubber-covered , 
should  (preferably)  be  run  in  iron  conduits;  and  in  conductors  having 
single  braid  only,  additional  protection  should  be  provided  by  means  of 
flexible  tubing  placed  inside  of  the  iron  conduit. 

Where  conductors  cross  each  other,  or  where  they  cross  iron  pipes, 
they  should  be  protected  by  means  of  porcelain  tubes  fastened  with 
tape  or  in  some  other  substantial  manner  that  will  prevent  the  tubes 
from  slipping  out  of  place. 

TWO=WIRE  AND  THREE=WIRE  SYSTEMS 

As  both  the  two-wire  and  the  three-wire  system  are  extensively 
used  in  electric  wiring,  it  will  be  well  to  give  some  consideration  to  the 
advantages  and  disadvantages  of  each  system,  and  to  explain  them 
somewhat  in  detail. 

Relative  Advantages.  The  choice  of  either  a  two-wire  or  a  three- 
wire  system  depends  largely  upon  the  source  of  supply.  If,  for  ex- 
ample, the  source  of  supply  will  always  probably  be  a  120-volt,  two- 
wire  system,  there  would  be  no  object  in  installing  a  three-wire  system 
for  the  wiring.  If,  on  the  other  hand,  the  source  of  supply  is  a  120- 
240-volt  system,  the  wiring  should,  of  course,  be  made  three-wire. 
Furthermore,  if  at  the  outset  the  supply  were  two-wire,  but  with  a  pos- 
sibility of  a-three-wire  system  being  provided  later,  it  would  be  well 
to  adapt  the  electric  wiring  for  the  three-wire  system,  making  the 
neutral  conductor  twice  as  large  as  either  of  the  outside  conductors, 
and  combining  the  two  outside  conductors  to  make  a  single  conductor 
until  such  time  as  the  three-wire  service  is  installeil.  Of  course,  there 
would  be  no  saving  of  copper  in  this  last-mentioned  three-wire  system, 
and  in  fac-t  it  would  be  slightly  more  expensive  than  a  two-wire  system, 
as  will  be  shortly  explained. 

The  object  of  the  three-wire  system  is  to  reduce  the  amount  of 
copper — and  consequently  the  cost  of  wiring — necessar)'  to  transmit  a 
given  amount  of  electric  power.  As  a  rule,  the  proposition  is  usually 
one  of  lighting  and  not  of  power,  for  the  reason  that  by  means  of  the 
three-wire  system  we  are  able  to  increase  the  potential  at  which  the 
current  is  transmitted,  and  at  the  same  time  to  take  advantage  of  the 
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greater  efficiency  of  the  lower  voltage  lamp.  If  current  for  power 
(motors,  etc.)  only  were  to  l)e  transmitted,  it  would  be  a  simple  matter 
to  wind  the  motors,  etc.,  for  a  liigher  voltage,  and  thereby  reduce  the 
weight  of  copper. 
If,  however,  we  in- 
crease the  voltage 
of  lamps,  we  find 
that  they  are  not  so 
efficient,  nor  is  their 

life  so    lono".      AYith    Fig.  29.    Three-wire  Sj^stem,  with  Neutral  Couductor  belweeu 
^  *  the  Two  Outside  Conductors. 

the  standard  carbon 

lamp,  it  has  been  found  that  the  240-volt  lamp,  with  the  same 
life,  requires  about  10  to  12  per  cent  more  current  than  the  cor- 
responding 120-volt  lamp.  Furthermore,  in  the  case  of  the  more 
efficient  lamps  recently  introduced  (such  as  the  Tantalum  lamp, 
Tungsten  lamp,  etc.),  it  has  been  found  impracticable,  if  not  impos- 
sible, to  make  them  for  pressures  above  125  volts.  For  this  reason 
the  three-wire  system  is  employed,  for  by  this  method  we  can  use  240 
volts  across  the  outside  conductors,  and  by  the  use  of  a  neutral  con- 
ductor obtain  120  volts  between  the  neutral  and  the  outside  conductor, 
and  thereby  be  enabled  to  use  120-volt  lamps.  Furthermore,  if  a 
240-volt  lamp  should  ever  be  placed  on  the  market  that  was  as  economi- 
cal as  the  lower  voltage  lamp,  the  result  would  be  that  the  240-480- 
volt  system  would  be  introduced,  and  240-volt  lamps  used.     As  a 

matter  of  fact,  this 
has  been  tried  in 
several  cities — and 
particularly  in 
Providence,  Rhode 
Island.     As  a  rule. 

Fig.  30.    Lamps  Arrauged  in  Pairs  in  Series,  Dispensing  with      llOWever,    the     120- 

Necessity  for  Third  or  Neutral  Conductor. 

volt  lamp  has  been 
found  so  much  more  satisfactorv'  as  regards  life,  efficiency,  etc.,  that 
it  is  nearly  always  employed. 

The  two-wire  system  is  so  extremely  simple  that  no  explanation 
whatever  is  required  concerning  it. 

The  three-wire  system,  however,  is  somewhat  confusing,  and 
will  now  be  considered. 


221 


22  ELECTRIC  WIRING 


Details  of  Three-Wire  System.    The  three-wire  system  may  be 
considered   as  a  two-wire  system  with  a  third  or  neutral  conductor 
placal  between  the  two  outside  con(hictors,  as  shown  in  Fi^.  20. 
This  neutriil  conductor  would  not  be  required  if  we  could  always  have 
the  lamps  arranged  in  pairs,  as  shown  in  Fig.  30.     In  this  case,  the 
two  lamps  would  burn  in  series,  and  we  could  transmit  the  current 
at  double  the  usual  voltage,  and  thereby  supply  twice  the  number  of 
lamps  with  one-quarter  the  weight  of  copper,  allowing  the  same  loss 
in  pressure  in  the  lamps.     The  reason  for  this  is,  that,  having  the 
lamps  arranged  in  series  of  pairs,  we  reduce  the  current  to  one-half, 
and,  as  the  pressure  at  which  the  current* is  transmitted  is  doubletl, 
we  can  again  reduce  the  copper  one-half  without  increasing  the  loss 
in  lamps.     We  therefore  see  that  we  have  a  double  saving,  as  the  cur- 
rent is  reduced  one-half,  which  reduces  the  weight  of  copper  one-half, 
and  we  can  again  reduce  the  copper  one-half  by  doubling  the  loss  in 
volts  without  increasing  the  percentage  loss.     For  example,  if  in  one 
case  we  had  a  straight  two-wire  system  transmitting  current  to  100 
lamps  at  a  potential  of  100  volts,  and  this  system  Avere  replaced  by  one 
in  which  the  lamps  were  placed  in  series  of  pairs,  as  shown  in  Fig.  30, 
and  the  potential  increased  to  200  volts — 100  lamps  still  being  used — 
we  should  find,  in  the  latter  case,  that  we  were  carrying  current  really 
for  only  50  lamps,  as  we  would  require  only  the  same  amount  of  cur- 
rent for  two  lamps  now  that  we  required  for  one  lamp  before.    Fur- 
thermore, as  the  potential  would  now  be  200  instead  of  100  volts, 
we  could  allow  twice  as  much  loss  as  in  the  first  case,  because  the  loss 
would  now  be  figured  as  a  percentage  of  200  volts  instead  of  a  percent- 
age of  100  volts.     From  this,  it  will  readily  be  seen  that  in  the  second 
case  mentioned,  we  would  require  only  one-quarter  the  weight  of 
copper  that  would  be  required  in  the  first  case. 

It  will  readily  be  seen,  however,  that  a  system  such  as  that  out- 
lined in  the  second  scheme  having  two  lam]xs,  would  be  impracticable 
for  ordinary  purposes,  for  the  reason  that  it  would  always  require  the 
lamps  to  be  burned  in  pairs.  Now,  it  is  for  this  very  reason  that  the 
third  or  neutral  conductor  is  required ;  and,  if  this  conductor  be  added, 
it  will  no  longer  be  necessary  to  burn  the  lamps  in  pairs.  This,  then, 
is  the  object  of  the  three-wire  system — to  enable  us  to  reduce  the 
amount  of  copper  required  for  transmitting  current,  without  increasing 
the  electric  pressure  employed  for  the  lamps. 
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With  regard  to  the  size  of  the  neutral  conductor,  one  important 
point  must  be  borne  in  mind ;  and  diat  is,  that  the  Rules  of  the  JVational 
Electric  Code  require  the  neutral  conductor  in  all  interior  wiring  to  be 
made  at  least  as  large  as  either  of  the  two  outside  conductors.  The 
reasons  for  this  from  a  fire  standpoint  are  obvious,  because,  if  for 
any  reason  either  of  the  outside  conductors  became  disconnected,  the 
neutral  wire  might  be  required  to  carry  the  same  current  as  the  out- 
side conductors,  and  therefore  it  should  be  of  the  same  capacity.  Of 
course,  the  chances  of  such  an  event  happening  are  slight;  but,  as 
the  fire  hazard  is  all-important,  this  rule  must  be  complied  with  for 
interior  wiring  or  in  all  cases  where  there  would  be  a  probability  of. 
fire.  For  outside  or  underground  work,  however,  where  the  fire 
hazard  would  be  relatively  unimportant,  the  neutral  conductor  might 
be  reduced  in  size;  and,  as  a  matter  of  fact,  it  is  made  smaller  than 
the  outside  conductors. 

The  three-wire  system  is  sometimes  installed  where  it  is  desired 
to  use  the  system  as  a  two-wire,  125-volt  system,  or  to  have  it  arranged 
so  that  it  may  be  used  at  any  time  also  as  a  three-wire,  125-250-volt 
system.  Of  course,  in  order  to  do  this,  it  is  necessary  to  make  the 
neutral  conductor  equal  to  the  combined  capacity  of  the  outside  con- 
ductors, the  latter  being  then  connected  together  to  form  one  con- 
ductor, the  neutral  beins;  the  return  conductor.  This  svstem  is  not 
recommended  except  in  such  instances,  for  example,  as  where  an 
isolated  plant  of  125  volts  is  installed,  and  where  there  is  a  possibility 
of  changing  over  at  some  future  time  to  the  three-wire,  125-250-volt 
system.  In  such  a  case  as  this,  however,  it  would  be  better,  where 
possible,  to  design  the  isolated  plant  for  a  three-wire,  125-250-volt 
system  originally,  and  then  to  make  the  neutral  conductor  the  same 
size  as  each  of  the  two  outside  conductors. 

The  weight  of  copper  required  in  a  three-wire  system  where  the 
neutral  conductor  is  the  same  size  as  either  of  the  two  outside  conduct- 
ors, is  I  of  that  required  for  a  corresponding  two-wire  system  using 
the  same  voltage  of  lamps.*  It  is  obvious  that  this  is  true,  because, 

*NoTE. — If,  in  the  two-wire  system,  we  represent  tlie  weigiit  of  each  of  the  two  con- 
ductors by  i,  the  weight  of  each  of  the  outside  conductors  in  a  three-wire  system  would 
be  represented  by  i;  and  if  we  had  tliree  conductors  of  tlie  same  size,  we  would  have 
8  +  8  +  i  =  s  of  tlie  weight  of  copper  required  in  a  three-wire  system,  which  would  be 
required  in  a  corresponding  two-wire  system  having  the  same  percentage  of  loss  and 
using  the  same  voltage  of  lamps. 

If  the  neutral  conductor  were  made  h  of  the  size  of  each  of  the  outside  conductors, 
as  is  sometimes  done  in  underground  work,  tlie  total  weight  of  copper  required  would  be 
J  +  i  -I-  j>8  -{-^  of  that  required  in  the  corresponding  two- wire  system. 
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as  the  discussion  proved  concerning  the  arrangement  shown  in  Fig. 
30,  where  the  lamps  were  placed  in  series  of  pairs,  we  found  that  the 
weight  of  copper  for  the  two  conductors  was  one-cjuarter  the  weiglit 
of  the  remilar  two-wire  system.  It  is  then  of  course  true,  that,  if  wc 
had  another  conductor  of  the  same  size  as  each  of  the  outside  conduct- 
ors, we  increase  theweight  of  copper  one-half,  or  one-cjuarter  plus 
one-half  of  one-quarter — that  is,  three-eighths. 

In  the  three-wire  system  frequently  used  in  isolated  plants  in 
which  the  two  outside  conductors  are  joined  together  and  the  neutral 
conductor  made  equal  to  their  combined  capacity,  there  is  no  saving 
of  copper,  for  the  reason  that  the  same  voltage  of  transmission  is  used, 
and,  consequently,  we  have  neither  reduced  the  current  nor  increased 
the  potential.  Furthermore,  though  the  weiglit  of  copper  is  the  same, 
it  is  now  divided  into  three  conductors,  instead  of  two,  and  naturally 
it  costs  relatively  more  to  insulate  and  manufacture  three  conductors 
than  to  insulate  and  manufacture  two  conductors  having  the  same 
total  weight  of  copper.  As  a  matter  of  fact,  the  three-wire  system, 
having  the  neutral  conductor  ecjual  to  the  combined  capacity  of  the 
two  outside  ones,  the  latter  being  joined  together,  is  about  (S  to  10 
per  cent  more  expensive  than  the  corresponding  straight  two-wire 
system. 

In  interior  wiring,  as  a  ride,  where  the  three-wire  system  is  used 
for  the  mains  and  feeders,  the  two-wire  system  is  nearly  always  em- 
ployed for  the  branch  circuits.  Of  course,  the  two-wire  branch  cir- 
cuits are  then  balanced  on  each  side  of  the  three-wire  system,  so  as  to 
obtain  as  far  as  possible  at  all  times  an  equal  balance  on  the  two  sides 
of  the  system.  This  is  done  so  as  to  have  the  neutral  conductor  carry 
as  little  current  as  possible.  From  what  has  already  been  said,  it  is 
obvious  that  in  case  there  is  a  perfect  balance,  the  lamps  are  virtually 
in  series  of  pairs,  and  the  neutral  conductor  does  not  carry  any  current. 
Where  there  is  an  unbalanced  condition,  the  neutral  conductor  carries 
the  difference  between  the  current  on  one  side  and  the  current  on  the 
other  side  of  the  system.  For  example,  if  we  had  five  lamps  on  one 
side  of  the  system  and  ten  lamps  on  the  other,  the  neutral  contluctor 
would  carry  the  current  corresponding  to  five  lamps. 

In  calculating  the  three-wire  system,  the  neutral  conductor  is 
disregarded,  the  outer  wires  being  treated  as  a  two-wire  circuit,  and 
the  calculation  is  for  one-half  the  total  number  of  lamps,  the  per- 
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centage  of  loss  being  based  on  the  potential  across  the  two  outside 
conductors. 

The  three-wire  system  is  very  generally  employed  in  alternating- 
current  secondary  wiring,  as  nearly  all  transformers  are  built  with 
three-wire  connections. 

AMiile  unbalancing  will  not  affect  the  total  loss  in  the  outside 
conductors,  yet  it  does  affect  the  loss  in  the  lamps,  for  the  reason  that 
the  system  is  usually  calculated  on  the  basis  of  a  perfect  balance,  and 
the  loss  is  divided  equally  between  the  two  lamps  (the  latter  being 
considered  in  series  of  pairs).  If,  however,  there  is  unbalancing  to 
a  great  degree,  the  loss  in  lamps  will  be  increased ;  and  if  the  entire 
load  is  thrown  over  on  one  side,  the  loss  in  the  lamps  will  be  doubled 
on  the  remaining  side,  because  the  total  loss  in  voltage  will  now  occur 
in  these  lamps,  whereas,  in  the  case  of  perfect  balance,  it  would  be 
equally  divided  between  the  two  groups  of  lamps. 

CALCULATION  OF  SIZES  OF  CONDUCTORS 

The  formula  for  calculating  the  sizes  of  conductors  for  direct 
currents,  where  the  length,  load,  and  loss  in  volts  are  given,  is  as  fol- 
lows : 

The  size  of  conductor  (in  circular  mils)  is  equal  to  the  current  multiplied 
by  the  distance  (one  way),  multiplied  by  21.6,  divided  by  the  loss  in  volts;  or, 

CM^CX  DX  21.6 ^j^ 

in  which  C  =  Current,  in  amperes; 

D  ~  Distance  or  length  of  the  circuit  (one  way,  in  feet); 

T'  =  Loss  in  volts  between  the  beginning  and  end  of  the  circuit. 

The  constant  (21.6)  of  this  formula  is  derived  from  the  resistance 
of  a  mil  foot  of  wire  of  98  per  cent  conductivity  at  25°  Centigrade  or 
77°  Fahrenheit.  The  resistance  of  a  conductor  of  one  mil  diam= 
eter  and  one  foot  long,  is  10.8  at  the  temperature  and  conduc- 
tivity named.  We  multiply  this  figure  (10.8)  by  2,  as  the  length  of  a 
circuit  is  usually  given  as  the  distance  one  way,  and  in  order  to  obtain 
the  resistance  of  both  conductors  m  a  two-wire  circuit,  we  must 
multiply  by  2.  The  formula  as  above  given,  therefore,  is  for  a  two- 
wire  circuit;  and  in  calculating  the  size  of  conductors  in  a  three-wire 
system,  the  calculation  should  be  made  on  a  two-wire  basis,  as  ex- 
plained hereinafter. 
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Formula  1  can  be  transfoniietl  so  as  to  obtain  the  loss  in  a  given 
circuit,  or  the  current  which  may  be  carried  a  given  distance  with  a 
stated  loss,  or  to  obtain  the  distance  when  the  other  factors  are  given, 
in  the  following  manner: 

Formula  for  Calculating  Loss  in  Circuit  when  Size,  Current,  and  Distance   are  Given 

,.  _    C  X  DX  21.G  /^x 

*    ~  CM  v^^* 

Formula  for  Calculating  Current  which  may  be  Carried  by  a  Given  Circuit  of  Specified 

Length,  and  with  a  Specified  Loss 

CM  X  1 


^~   D  X  21.6 • y'^^ 

Formula  for  Calculating  Length  of  Circuit  when  Size,  Loss,  and  Current  to  be  Carried 

are  Given 

^^.uxji       .^. 

^        ex  21.6  V     >' 

Formul?e  are  frequently  given  for  calculating  sizes  of  conductors, 
etc.,  where  the  load,  instead  of  being  given  in  amperes,  is  stated  in 
lamps  or  in  horse-power.  It  is  usually  advisable,  however,  to  reduce 
the  load  to  amperes,  as  the  efficiency  of  lamps  and  motors  is  a  variable 
(juantity,  and  the  current  varies  correspondingly. 

It  is  sometimes  convenient,  however,  to  make  the  calculation 
in  terms  of  watts.  It  will  readily  be  seen  that  we  can  obtain  a  formula 
expressed  in  watts  from  Formula  I.  To  do  this,  it  is  advisable  to 
express  the  loss  in  volts  in  percentage,  instead  of  actual  volts  lost.  It 
must  be  remembered  that,  in  the  above  formula?,  T^  represents  the 
volts  lost  in  the  circuit,  or,  in  other  words,  the  difference  in  potential 
between  the  beginning  and  the  end  of  the  circuit,  and  is  not  the 
applied  E.  INI.  F.  The  loss  in  percentage,  in  any  circuit,  is  equal  to 
the  actual  loss  expressed  in  volts,  divided  by  the  line  voltage,  midtiplicd 
by  100;  or, 

P  =  ^  X  100. 

From  this  equation,  we  have: 

100 

If,  for  example,  the  calculation  is  to  be  made  on  a  loss  of  5  per  cent, 

with  an  applied  voltage  of  250,  using  this  last  equation,  we  would  have : 

..         5X250        ,^_      ,^ 
F  =  ^^^=  12.5  volts. 

P  F 

Substituting  the  equation      V=  -j^^  in  Formula  1 ,  we  have: 
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C  M  = 


C  X  Dx  21.6 


P  E 

100 

C  X 

D  X 

21.6  X 

100 

PE 

C  X 

D  X 

2,160 

P  E 

This  equation,  it  should  be  remembered,  is  expressed  in  terms  of 
apphetl  vohage.  Now,  since  the  power  in  watts  is  equal  to  the  apphed 
vohage  multiplied  hij  the  current  (IF  =  EC),  it  follows  that 

W 


C  = 


E 


By  substituting  this  value  of  C  in  the  equation  given  above  [C  M= 

CXDX  2,160>,      .     ^         ^    .  ,  .  ,  ^. 
p-^ I  ,  tiie  tormula  is  expressed  m  terms  ot  watts  nistead 

of  current,  thus: 

^,,  _    W  X  D  X  2,160  ,_. 

^      ~  WTe         ' \^) 

in  which  TT'  =  Power  in  watts  transmitted; 

D    -  Length  of  the  circuit   (one  way) — that  is,  the  length  of  one 

conductor; 
P  =  Figure  representing  the  percentage  loss; 
E*=  Applied  voltage. 

All  the  above  formulse  are  for  calculations  of  two-wire  circuits. 
In  making  calculations  for  three- wire  circuits,  it  is  usual  to  make  the 
calculation  on  the  basis  of  the  two  outside  conductors;  and  in  three 
wire  calculations,  the  above  formulie  can  be  used  with  a  slight  modifi- 
cation, as  will  be  shown. 

In  a  three-wire  circuit,  it  is  usually  assumed  in  making  the  cal- 
culation, that  the  load  is  equally  balanced  on  the  two  sides  of  the 
neutral  conductor;  and,  as  the  potential  across  the  outside  conductors 
is  double  that  of  the  corresponding  potential  across  a  two- wire  circuit, 
it  is  evident  that  for  the  same  size  of  conductor  the  total  loss  in  volts 
could  be  doubled  without  increasing  the  percentage  of  loss  in  lamps. 
Furthermore,  as  the  load  on  one  side  of  the  neutral  conductor,  when 
the  system  is  balanced,  is  virtually  in  series  with  the  load  on  the 
third  side,  the  current  in  amperes  is  usually  one-half  the  sum  of  the 
current  required  by  all  the  lamps.     If  C  be  still  taken  as  the  total 

*NoTE.     Remember  that  V  in  Formula  1  to  4  represents  the  volts  lost,  but  that 
E  in  Formula  5  represents  the  applied  voltage. 
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current  in  amperes  (that  is,  the  sum  of  the  current  recjuired  by  all  of 
the  lamps)  in  Formula  1,  we  shall  have  to  divide  this  current  by  2, 
to  use  the  formula  for  calculating  the  two  outside  conductors  for  a 
three-wire  system.  Furthermore,  we  shall  have  to  multiply  the 
voltage  lost  in  the  lamps  by  2,  to  obtain  the  voltage  lost  in  the  two  out- 
side conductors,  for  the  reason  that  the  potential  of  the  outside  con- 
tluctors  is  double  the  potential  required  by  the  lamps  themselves. 
In  other  words.  Formula  1  will  become : 

CXDX  21.6 


CM 


2  X  V  X  2 
CXDX  21.6 


-  4K  • (^) 

ill  which  C  =  Sum  of  current   required  by  all  of  the  lamps  on  both  .sides  of 
the  neutral  conductor; 
D  =  Length  of  circuit — that  is,  of  any  one  of  the  three  conductors; 
V  =  Loss  allowed  in  the  lamps,  i.  e.,  one-half  the  total  loss  in  the 
two  outside  conductors. 

In  the  same  manner,  all  of  the  other  formulte'may  be  adapted  for 
making  calculations  for  three-wire  systems.  Of  course  the  calcula- 
tion of  a  three-wire  system  could  be  made  as  if  it  were  a  two-wire 
system,  by  taking  one-half  the  total  number  of  lamps  supplied,  at 
one-half  the  voltage  between  the  outside  conductors. 

It  is  understood,  of  course,  that  the  size  of  the  conductor  in 
Formula  6  is  the  size  of  each  of  the  two  outside  ones;  but,  inasmuch 
as  the  Rules  of  the  National  Electric  Code  require  that  for  interior 
wiring  the  neutral  conductor  shall  be  at  least  equal  in  size  to  the  outside 
conductors,  it  is  not  necessary  to  calculate  the  size  of  the  neutral 
conductor.  It  must  be  remembered,  liowever,  that,  in  a  three-wire 
system  where  the  neutral  conductor  is  made  equal  in  capacity  to  the 
combined  size  of  the  two  outside  conductors,  and  where  the  two 
outside  conductors  are  joined  together,  we  have  virtually  a  two-wire 
system  arranged  so  that  it  can  be  converted  into  a  three-wire  system 
later.  In  this  case  the  calculation  is  exactly  the  same  as  in  the  case 
of  the  two-wire  circuits,  except  that  one  of  the  two  conductors  is  split 
into  two  smaller  wires  of  the  same  capacity.  This  is  frequently  done 
where  isolated  plants  are  installed,  and  where  the  generators  are  woimd 
for  125  volts  and  it  may  be  desired  at  times  to  take  current  from  an 
outside  three-wire  125-250-volt  system. 
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METHOD  OF  PLANNING  A  WIRING 
INSTALLATION 

The  first  step  in  planning  a  wiring  installation,  is  to  gather  all 
the  data  which  will  affect  either  directly  or  indirectly  the  system  of 
wirinff  and  the  manner  in  which  the  conductors  are  to  be  installed. 
These  data  will  include:  Kind  of  building;  construction  of  building; 
space  available  for  conductors;  source  and  system  of  electric-current 
supply;  and  all  details  which  will  determine  the  method  of  wiring 
to  be  employed.  These  last  items  materially  affect  the  cost  of  the 
work,  and  are  usually  determined  by  the  character  of  the  building 
and  by  commercial  considerations. 

Method  of  Wiring.  In  a  modern  fireproof  building,  the  only 
system  of  wiring  to  be  recommended  is  that  in  which  the  conductors 
are  installed  in  rigid  conduits;  although,  even  in  such  cases,  it  may  be 
desirable,  and  economy  may  be  effected  thereby,  to  install  the  larger 
feeder  and  main  conductors  exposed  on  insulators  using  weathei-proof 
slow-burning  wire.  This  latter  method  should  be  used,  however, 
only  where  there  is  a  convenient  runway  for  the  conductors,  so  that 
they  will  not  be  crowded  and  will  not  cross  pipes,  ducts,  etc.,  and 
also  will  not  have  too  many  bends.  Also,  the  local  inspection  authori- 
ties should  be  consulted  before  using  this  method. 

For  mills,  factories,  etc.,  wires  exposed  on  cleats  or  insulators 
are  usually  to  be  recommended,  although  rigid  conduit,  flexible  con- 
duit, or  armored  cable  may  be  desirable. 

In  finished  buildings,  and  for  extensions  of  existing  outlets, 
where  the  wiring  could  not  readily  or  conveniently  be  concealed, 
moulding  is  generally  used,  particularly  where  cleat  wiring  or  other 
exposed  methods  of  wiring  would  be  objectionable.  However,  as 
has  already  been  said,  moulding  should  not  be  employed  where  there 
is  any  liability  to  dampness. 

In  finished  buildings,  particularly  where  they  are  of  frame  con- 
struction, flexible  steel  conduits  or  armt)red  cable  are  to  be  recom- 
mended. 

While  in  new  buildings  of  frame  construction,  knob  and  tube 
wiring  are  frequently  employed,  this  method  should  be  used  only 
where  the  cpiestion  of  first  cost  is  of  prime  importance.  AMiile  armored 
cable  will  cost  approximately  50  to  100  per  cent  more  than  knob  and 
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tube  wiring,  the  former  method  is  so  much  more  permanent  and  is 
so  much  safer  that  it  is  strongly  recommended. 

Systems  of  Wiring.  The  system  of  wiring — that  is,  whether 
the  two-wire  or  the  three-wire  system  shall  be  used — is  usually  deter- 
mined by  the  source  of  supply.  If  tlie  source  of  supply  is  an  isolated 
plant,  with  simple  two-wire  generators,  and  with  little  possibility 
of  current  being  taken  from  the  outside  at  some  future  time,  the 
wirine:  in  the  building  should  be  laid  out  on  the  two-wire  system.  If, 
on  the  other  hand,  the  isolated  plant  is  three-wire  (having  three-wire 
generators,  or  two-wire  generators  with  balancer  sets),  or  if  the  cur- 
rent is  taken  from  an  outside  source,  the  wiring  in  the  buikling  should 
be  laid  out  on  a  three-wire  system. 

It  very  seldom  happens  that  current  supply  from  a  central  station 
is  arranged  with  other  than  the  three-wire  system  inside  of  buildings, 
because,  if  the  outside  supply  is  alternating  current,  the  transformers 
are  usually  adapted  for  a  three-wire  system.  For  small  buildings, 
on  the  other  hand,  where  there  are  only  a  few  lights  and  where  there 
would  be  only  one  feeder,  the  two-wire  system  is  used.  As  a  rule, 
however,  when  the  current  is  taken  from  an  outside  source,  it  is  best 
to  consult  the  engineer  of  the  central  station  supplymg  the  current, 
and  to  conform  with  his  w-ishes.  As  a  matter  of  fact,  this  should  be 
done  in  any  event,  in  order  to  ascertain  the  proper  voltage  for  the 
lamps  and  for  the  motors,  and  also  to  ascertain  w^hether  the  central 
station  will  supply  transformers,  meters,  and  lamps — for,  if  these 
are  not  thus  supplied,  they  should  be  included  in  the  contract  for  the 
wiring. 

Location  of  Outlets.  It  is  not  within  the  scope  of  this  treatise 
to  discuss  the  matter  of  illumination,  but  it  is  desirable,  at  this  point, 
to  outline  briefly  the  method  of  procedure. 

A  set  of  plans,  including  elevation  and  details,  if  any,  and  show- 
ing decorative  treatment  of  the  various  rooms,  should  be  obtained 
from  the  Architect.  A  careful  study  should  then  be  made  by  the 
Architect,  the  Owner,  and  the  Engineer,  or  some  other  person  qualified 
to  make  reconmiendations  as  to  illumination.  The  location  of  the 
outlets  will  depend:  First,  upon  the  decorative  treatment  of  the 
room,  which  determines  the  aesthetic  and  architectural  effects;  second, 
upon  the  type  and  general  form  of  fixtures  to  be  used,  which  should 
be  previously  decided  on;  third,  upon  the  tastes  of  the  owners  or 
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occupants  in  regard  to  illumination  in  general,  as  it  is  found  that 
tastes  vary  widely  in  regard  to  amount  and  kind  of  illumination. 

The  location  of  the  outlets,  and  the  number  of  lights  recjuired 
at  each,  having  been  determined,  the  outlets  should  be  marked  on 
the  plans. 

The  Architect  shoukl  then  be  consulted  as  to  the  location  of  the 
centers  of  distribution,  the  available  points  for  the  risers  or  feeders, 
and  the  available  space  for  the  branch  circuit  conductors. 

In  regard  to  the  rising  points- for  the  feeders  and  mains,  the  fol- 
lowing precautions  should  be  used  in  selecting  chases: 

1.  The  space  should  be  amply  large  to  accommodate  all  the  feeders  and 
mains  likely  to  rise  at  that  given  point.  This  seems  trite  and  unnecessary, 
but  it  is  the  most  usual  trouble  with  chases  for  risers.  Formerly  architects 
and  builders  paid  little  attention  to  the  requirements  for  chases  for  electrical 
work;  but  in  these  later  days  of  2-inch  and  2|-incli  conduit,  they  realize  that 
these  pipes  are  not  so  invisible  and  mysterious  as  the  force  they  serve  to  dis- 
tribute, particularly  when  twenty  or  more  such  conduits  must  be  stowed  away 
in  a  building  where  no  special  provision  has  been  made  for  them. 

2.  If  possible,  the  space  should  be  devoted  solely  to  electric  wiring. 
Steam  pipes  are  objectionable  on  account  of  their  temperature;  and  these  and 
all  other  pipes  are  objectionable  in  the  same  space  occupied  by  the  electrical 
conduits,  for  if  the  space  proves  too  small,  the  electric  conduits  are  the  first  to 
be  crowded  out. 

The  chase,  if  possible,  should  be  continuous  from  the  cellar  to  the  roof, 
or  as  far  as  needed.  This  is  necessary  in  order  to  avoid  unnecessary  bends  or 
elbows,  which  are  objectionable  for  many  reasons. 

In  similar  manner,  the  location  of  cut-out  cabinets  or  distributing 

centers  should  fulfil  the  following  requirements: 

1.  They  should  be  accessible  at  all  times. 

2.  They  should  be  placed  sufficiently  close  together  to  prevent  the  cir- 
cuits from  being  too  long. 

3.  Do  not  place  them  in  too  prominent  a  position,  as  that  is  objectionable 
from  the  Architect's  point  of  view. 

4.  They  should  be  placed  as  near  as  possible  to  the  rising  chases,  in 
order  to  shorten  the  feeders  and  mains  supplying  them. 

Having  determined  the  system  and  method  of  wiring,  the  location 
of  outlets  and  distributing  centers,  the  next  step  is  to  lay  out  the  branch 
circuits  supplying  the  various  outlets. 

Before  starting  to  lay  out  the  branch  circuits,  a  drawing  showing 
the  floor  construction,  and  showing  the  space  between  the  top  of  the 
beams  and  girders  and  the  flooring,  should  be  obtained  from  the  Archi- 
tect. In  fireproof  buildings  of  iron  or  steel  construction,  it  is  almost 
the  invariable  practice,  where  the  work  is  to  be  concealed,  to  run  the 
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conduits  over  the  beams,  under  the  rough  flooring,  camming  them 
between  the  sleepers  when  running  parallel  to  the  sleepers,  and  notch- 
ing the  latter  when  the  conduits  run  across  them  (see  Fig.  31).  In 
wooden  frame  buildings,  the  conduits  run  parallel  to  the  beams  and 
to  the  furring  (see  Fig.  32);  they  are  also  sometimes  run  below  the 
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Fig.  31.    Runuiug  Conductors  Concealed  under  Floor  in  Fireproof  Building. 

l)eams.  In  the  latter  case  the  beams  have  to  be  notched,  and  this  is 
allowable  oidy  in  certain  places,  usually  near  the  points  where  the 
beams  are  supported.  The  Architect's  drawing  is  therefore  necessary 
in  order  that  the  location  and  course  of  the  conduits  may  be  indicated 
on  the  plans. 

The  first  consideration  in  laying  out  the  branch  circuit  is  the 
mimher  of  outlets  and  number  of  lights  to  be  wired  on  any  one  branch 
circuit.  The  Rules  of  the  National  Electric  Code  (Rule  21-D)  require 
that  "no  set  of  incandescent  lamps  requiring  more  than  G60  watts, 
whether  grouped  on  one  fixture  or  on  several  fixtures  or  pendants, 
will  be  dependent  on  one  cut-out."  While  it  would  be  possible  to 
have  branch  circuits  supplying  more  than  G60  watts,  by  placing  various 
cut-outs  at  different  points  along  the  route  of  the  branch  circuit,  so 
as  to  sulxlivide  it  into  small  sections  to  comply  with  the  ride,  this 
method  is  not  recommended,  except  in  certain  cases,  for  exposed  wiring 
in  factories  or  mills.  As  a  rule,  the  proper  method  is  to  have  the 
cut-outs  located  at  the  center  of  distribution,  and  to  limit  each  branch 
circuit  to  060  watts,  which  corresponds  to  twelve  or  thirteen  50-watt 
lamps,  twelve  being  the  usual  limit.  Attention  is  called  to  the  fact 
that  the  inspectors  usually  allow  50  watts  for  each  socket  connected 
to  a  branch  circuit;  and  although  8-candle-power  lamps  may  be 
placed  at  some  of  the  outlets,  the  inspectors  hold  that  the  standard 
lamp  is  approximately  50  watts,  and  for  that  reason  there  is  always 
the  likelihood  of  a  lamp  of  that  capacity  being  used,  and  their  inspec- 
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tioii  is  based  on  that  assumption.  Therefore,  to  comply  with  the 
recjuirements,  an  allowance  of  not  more  than  twelve  lamps  per  bninch 
circuit  should  be  made. 

In  ordinaiy  practice,  liowever,  it  is  best  to  reduce  this  number 
still  further,  so  as  to  make  allowance  for  future  extensions  or  to  increase 
the  number  of  lamps  that  may  be  placed  at  any  outlet.  For  this 
reason,  it  is  wise  to  keep  the  number  of  the  outlets  on  a  circuit  at  the 
lowest  point  consistent  with  economical  wiring.  It  has  been  proven 
by  actual  practice,  that  the  best  results  are  obtained  by  limiting  the 
number  to  five  or  six  outlets  on  a  branch  circuit.  Of  course,  where 
all  the  outlets  have  a  single  light  each,  it  is  frequently  necessars',  for 
reasons  of  economv,  to  increase  this  number  to  eight,  ten,  and,  in 
some  cases,  twelve  outlets. 

We  have  already  referred  to  the  location  of  the  wires  or  conduits. 
This  question  is  generally  settled  l)y  the  peculiarities  of  the  constmc- 
tion  of  the  building.  It  is  necessary-  to  know  this,  however,  before 
laying  out  the  circuit  work,  as  it  frequently  determines  the  course  of 
a  circuit. 

Now^,  as  to  the  course  of  the  circuit  work,  little  need  be  said, 
as  it  is  largely  influenced  by  the  relative  position  of  the  outlets,  cut- 
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Fig.  32.    Ruuuing  Conductors  Concealed  under  Floor  in  Wooden  Frame  Building. 

outs,  switches,  etc.  Between  the  cut-out  box  and  the  first  outlet,  and 
between  the  outlets,  it  will  have  to  be  decided,  however,  whether 
the  circuits  shall  mn  at  right  angles  to  the  walls  of  the  building  or 
room,  or  whether  they  shall  iim  direct  from  one  point  to  another, 
irrespective  of  the  angle  they  make  to  the  sleepers  or  beams.  Of 
course,  in  the  former  case,  the  advantages  are  that  the  cost  is  some- 
what less  and  the  number  of  elbows  and  bends  is  reduced.     If  the 
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tubes  are  bent,  however,  instead  of  using  elbows,  the  difference  in 
cost  is  usually  very  slight,  and  probably  does  not  compensate  for  the 
disadvantages  that  would  result  from  running  the  tubes  diagonally. 
As  to  the  number  of  bends,  if  branch  circuit  work  is  properly  laid 
out  and  installed,  and  a  proper  size  of  tube  used,  it  rarely  happens 
that  there  is  any  difference  in  "pulling"  the  branch  circuit  wires. 
It  may  happen,  in  the  event  of  a  very'  long  run  or  one  having  a  large 
ninnber  of  bends,  that  it  might  be  advisable  to  adopt  a  short  and 
most  direct  route. 

Up  to  this  time,  the  location  of  the  distribution  centers  has  been 
made  solely  with  reference  to  architectural  considerations;  but  they 
must  now  be  considered  in  conjunction  with  the  branch  circuit  work. 

It  freciuently  happens  that,  after  running  the  branch  circuits 
on  the  plans,  we  fintl,  in  certain  cases,  that  the  position  of  centers  of 
distribution  may  be  changed  to  advantage,  or  sometimes  certain 
groups  may  be  dispensed  with  entirely  and  the  circuits  run  to  other 
points.  We  now  see  the  wisdom  of  ascertaining  from  the  Architect 
where  cut-out  groups  may  be  located,  rather  than  selecting  particular 
points  for  their  location. 

As  a  rule,  wherever  possible,  it  is  wise  to  limit  the  length  of  each 
branch  circuit  to  100  feet;  and  the  number  and  location  of  the  dis- 
tributing centers  should  be  determined  accordingly. 

It  may  be  found  that  it  is  sometimes  necessary  and  even  desirable 
to  increase  the  limit  of  length.  One  instance  of  this  may  be  found  in 
hall  or  corridor  lights  in  large  buildings.  It  is  generally  desirable, 
in  such  cases,  to  control  the  hall  lights  from  one  point;  and,  as  the 
number  of  lights  at  each  outlet  is  generally  small,  it  would  not  be 
economical  to  run  mains  for  sub-centers  of  distribution.  Hence, 
in  instances  of  this  character,  the  length  of  runs  will  frequently  exceed 
the  limit  named.  In  the  great  majority  of  cases,  however,  the  best 
results  are  obtained  bv  limiting  the  runs  to  90  or  100  feet. 

There  are  several  goocl  reasons  for  placing  such  a  limit  on  the 
length  of  a  branch  circuit.  To  begin  with,  assuming  that  we  are  going 
to  place  a  limit  on  the  loss  in  voltage  (drop)  from  the  switchboard  to 
the  lamp,  it  may  be  easily  proven  that  up  to  a  certain  reasonable 
limit  it  is  more  economical  to  have  a  larger  number  of  distributing 
centers  and  shorter  branch  circuits,  than  to  have  fewer  centers  and 
longer  circuits.     It  is  usual,  in  the  better  class  of  work,  to  limit  the 
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loss  in  voltage  in  any  branch  circaiit  to  approximately  one  volt.  As- 
suming this  limit  (one  volt  loss),  it  can  readily  be  calculated  that  the 
number  of  lights  at  one  outlet  which  may  be  connected  on  a  branch 
circuit  100  feet  long  (using  No.  14  B,  8c  S.  wire),  is  four;  or  in  the 
case  of  outlets  having  a  single  light  each,  five  outlets  may  be  con- 
nected on  the  circuit,  the  first  being  60  feet  from  the  cut-out,  the  others 
being  10  feet  apart. 

These  examples  are  selected  simply  to  show  that  if  the  branch 
circuits  are  much  longer  than  100  feet,  the  loss  must  be  increased 
to  more  than  one  volt,  or  else  the  number  of  lights  that  may  be  con- 
nected to  one  circuit  must  be  reduced  to  a  very  small  quantity,  pro- 
vided, of  course,  the  size  of  the  wire  remains  the  same. 

Either  of  these  alternatives  is  objectionable — the  first,  on  the 
score  of  regulation;  and  the  second,  from  an  economical  standpoint. 
If ,^  for  instance,  the  loss  in  a  branch  circuit  with  all  the  lights  turned 
on  is  four  volts  (assuming  an  extreme  case),  the  voltage  at  which  a 
lamp  on  that  circuit  burns  will  vary  from  four  volts,  depending  on  the 
number  of  lights  burning  at  a  time.  This,  of  course,  will  cause  the 
lamp  to  burn  below  candle-power  when  all  the  lamps  are  turned  on, 
or  else  to  diminish  its  life  by  burning  above  the  proper  voltage  when 
it  is  the  only  lamp  burning  on  the  circuit.  Then,  too,  if  the  drop  in 
the  branch  circuits  is  increased,  the  sizes  of  the  feeders  and  the  mains 
must  be  correspondingly  increased  (if  the  total  loss  remains  the  same), 
thereby  increasing  their  cost. 

If  the  number  of  lights  on  the  circuit  is  decreased,  we  do  not  use 
to  good  advantage  the  available  carrying  capacity  of  the  wire. 

Of  course,  one  solution  of  the  problem  would  be  to  increase  the 
size  of  the  wire  for  the  branch  circuits,  thus  reducing  the  drop.  This, 
however,  would  not  be  desirable,  except  in  certain  cases  where  there 
were  a  few  long  circuits,  such  as  for  corridor  lights  or  other  special 
control  circuits.  In  such  instances  as  these,  it  would  be  better  to 
increase  the  sizes  of  the  branch  circuit  to  No.  12  or  even  No.  10 
B.  &  S.  Gauge  conductors,  than  to  increase  the  number  of  centers 
of  distribution  for  the  sake  of  a  few  circuits  onlv,  in  order  to  reduce 
the  number  of  lamps  (or  loss)  within  the  limit. 

The  method  of  calculating  the  loss  in  conductors  has  been  given 
elsewhere;  but  it  must  be  borne  in  mind,  in  calculating  the  loss  of  a 
branch  circuit  supplying  more  than  one  outlet,  that  separate  calcu- 
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lations  must  be  made  for  each  portion  of  the  circuit.  That  is,  a 
calculation  must  be  made  for  the  loss  to  tlie  first  outlet,  the  length  in 
this  case  being  the  distance  from  the  center  of  distribution  to  the  first 
outlet,  and  the  load  being  the  total  number  of  lamps  supplied  by  the 
circuit.  The  next  step  would  be  to  obtain  the  loss  between  the  first 
and  second  outlet,  the  length  being  the  distance  between  the  two  out- 
lets, and  the  load,  in  this  case,  being  the  total  number  of  lamps  sup- 
plied by  the  circuit,  minus  the  number  supplied  by  the  first  outlet; 
and  so  on.  The  loss  for  the  total  circuit  would  be  the  sum  of  these 
losses  for  the  various  portions  of  the  circuit. 

Feeders  and  Mains.  If  the  building  is  more  than  one  ston-,  an 
elevation  should  be  made  showing  the  height  and  number  of  stories. 
On  this  elevation,  the  various  distributing  centers  should  be  shown 
diagrammatically;  and  the  current  in  amperes  supplied  through 
each  center  of  distribution,  should  be  indicated  at  each  center.  The 
next  step  is  to  lay  out  a  tentative  system  of  feeders  and  mains,  and  to 
ascertain  the  load  in  amperes  supplied  by  each  feeder  and  main. 
The  estimated  length  of  each  feeder  and  main  should  then  be  deter- 
mined, and  calculation  made  for  the  loss  from  the  switchboard  to 
each  center  of  distribution.  It  may  be  found  that  in  some  cases  it 
will  be  necessary  to  change  the  arrangement  of  feeders  or  mains,  or 
even  the  centers  of  distribution,  in  order  to  keep  the  total  loss  from  the 
switchboard  to  the  lamps  within  the  limits  previously  determined. 
As  a  matter  of  fact,  in  important  work,  it  is  always  best  to  lay  out  the 
entire  work  tentatively  in  a  more  or  less  crude  fashion,  according  to 
the  "cut  and  dried"  method,  in  order  to  obtain  the  best  results,  because 
the  entire  layout  may  be  modified  after  the  first  preliminary^  layout 
has  been  made.  Of  course,  as  one  becomes  more  experienced  and 
skilled  in  these  matters,  the  final  layout  is  often  almost  identical  with 
the  first  ])reliminan'  arrangement. 

TESTING 

Where  possible,  two  tests  of  the  electric  wiring  equipment  should 
be  made,  one  after  the  wiring  itself  is  entirely  completed,  and  switches, 
cut-out  panels,  etc.,  are  connected;  and  the  second  one  after  the 
fixtures  have  all  been  installed.  The  reason  for  this  is  that  if  a  ground 
or  short  circuit  is  discovered  before  the  fixtures  are  installed,  it  is 
more  easily  remedied;  and  secondly,  because  there  is  no  division  of 
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the  responsibility,  as  there  might  be  if  the  first  test  were  made  only 
after  the  fixtures  were  installed.  If  the  test  shows  no  grounds  or 
short  circuits  before  the  fixtures  are  installed,  and  one  does  develop 
after  they  are  installed,  the  trouble,  of  course,  is  that  the  short  circuit 
or  ground  is  one  or  more  of  the  fixtures.  As  a  matter  of  fact,  it  is  a 
wise  plan  always  to  make  a  separate  test  of  each  fixture  after  it  is 
delivered  at  the  building  and  before  it  is  installed. 

WTiile  a  magneto  is  largely  used  for  the  purpose  of  testing,  it  is 
at  best  a  crude  and  unreliable  method.  In  the  first  place,  i^'does 
not  give  an  indication,  even  approximately,  of  the  total  insulation 
resistance,  but  merely  indicates  whether  there  is  a  ground  or  short 
circuit,  or  not.  In  some  instances,  moreover,  a  magneto  test  has 
led  to  serious  errors,  for  reasons  that  will  be  explained.  If,  as  is 
nearly  always  the  case,  the  magneto  is  an  alternating-current  instru- 
ment, it  may  sometimes  happen— particularly  in  long  cables,  and 
especially  where  there  is  a  lead  sheathing  on  the  cable— that  the 
magneto  will  ring,  indicating  to  the  uninitiated  that  there  is  a  ground 
or  short  circuit  on  the  cable.  This  may  be,  and  usually  is,  far  from 
being  the  case;  and  the  cause  of  the  ringing  of  the  magneto  is  not  a 
ground  or  short  circuit,  but  is  due  to  the  capacity  of  the  cable,  which 
acts  as  a  condenser  under  certain  conditions,  since  the  magneto  produc- 
ing an  alternating  current  repeatedly  charges  and  discharges  the  cable 
in  opposite  directions,  this  changing  of  the  current  causing  the  magneto 
to  ring.  Of  course,  this  defect  in  a  magneto  could  be  remedied  by 
using  a  commutator  and  changing  it  to  a  direct-current  machine; 
but  as  the  method  is  faulty  in  itself,  it  is  hardly  worth  while  to  do  this.' 

A  portable  galvanometer  with  a  resistance  box  and  Wheatstone 
bridge,  is  sometimes  employed;  but  this  method  is  objectionable 
because  it  requires  a  special  instrument  which  cannot  be  used  for 
many  other  purposes.  Furthermore,  it  requires  more  skill  and  time 
to  use  than  the  voltmeter  method,  which  will  now  be  described. 

The  advantage  of  the  voltmeter  method  is  that  it  requires  merely 
a  direct-current  voltmeter,  which  can  be  used  for  many  other  purposes, 
and  which  all  engineers  or  contractors  should  possess,  together  with 
a  box  of  cells  having  a  potential  of  preferably  over  30  volts.  The  volt- 
meter should  have  a  scale  of  not  over  150  volts,  for  the  reason  that  if 
the  scale  on  which  the  battery  is  used  covers  too  wide  a  range  (say 
1,000  volts)  the  readings  might  be  so  small  as  to  make  the  test  inac- 
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curate.  A  good  arrangement  would  be  to  have  a  voltmeter  having 
two  scales — sav,  one  of  GO  and  one  of  GOO — which  would  make  the 
voltmeter  available  for  all  practical  potentials  that  are  likely  to  be 
used  inside  of  a  building.  If  desired,  a  voltmeter  could  be  obtained 
with  three  connections  having  three  scales,  the  lowest  scale  of  which 
would  be  used  for  testing  insulation  resistances. 

Before  starting  a  test,  all  of  the  fuses  should  be  inserted  and 
switches  turned  on,  so  that  the  complete  test  of  the  entire  installation 
can  be  made.  When  this  has  been  done,  the  voltmeter  and  battery 
should  be  connected,  so  as  to  obtain  on  the  lowest  scale  of  the  volt- 
meter the  electromotive  force  of  the  entire  group  of  cells.  This 
connection  is  shown  in  Fig.  33.     Immediately  after  this  has  been  done, 

the  insulation  resistance  to  be  tested 
is  placed  in  circuit,  whether  the 
insulation  to  be  tested  is  a  switch- 
board, slate  panel-board,  or  the 
entire  wiring  installation;  and  the 
connections  are  made  as  shown  in 
Fig.  34.  A  reading  should  then 
again  be  taken  of  the  voltmeter; 
and  the  leakage  is  in  proportion 
to  the  difference  between  the  first 
and  second  readings  of  the  volt- 
meter. The  explanation  given  below 
will  show  how  this  resistance  may  be  calculated:  It  is  evident  that 
the  resistance  in  the  first  case  was  merely  the  resistance  of  the  volt- 
meter and  the  internal  resistance  of  the  battery.  As  a  rub,  the  internal 
resistance  of  the  battery  is  so  small  in  comparison  with  the  resistance 
of  the  voltmeter  and  the  external  resistance,  that  it  may  be  entirely 
neglected,  and  this  will  be  done  in  the  following  calculation.  In  the 
second  case,  however,  the  total  resistance  in  circuits  is  the  resistance 
of  the  voltmeter  and  the  battery,  phis  the  entire  insulation  resistance 
on  all  the  wires,  etc.,  connected  in  circuit. 

To  put  this  in  mathematical  form,  the  voltage  of  the  cells  may 
be  indicated  hy  the  letter  E;  and  the  reading  of  the  voltmeter  when 
the  insulation  resistance  is  connected  by  the  circuit,  by  the  letter  E'. 
Let  7?  represent  the  resistance  of  the  voltmeter  and  i?^,  represent  the 
insulation  resistance  of  the  installation  which  we  wish  to  measure. 


Fig.  33.     Connections  of  Voltmeter  and 

Battery  for  Testing  Insulation 

Resistance. 
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It  is  a  fact  which  the  reader  undoubtedly  knows,  that  the  E.  M.  F.  as 
indicated  by  the  voltmeter  in  Fig.  34  is  inversely  proportional  to  the 
resistance:  that  is,  the  greater  the  resistance,  the  lower  will  be  the 
reading  on  the  voltmeter,  as  this  reading  indicates  the  leakage  or  cur- 
rent passing  through  the  resistance.  Putting  this  in  the  shape  of  a 
formula,  we  have  from  the  theory  of  proportion : 

E  :  E'  ::  R  +  Rx  :  "B.  ; 

or, 

E'  R  +  E'  Rx^E  R. 

Transposing, 

E'  Rx  =  E  R-E'  R  =  R  {E-E'\ 

and 

R{E  -  E') 


Rx  — 


E' 


Or,  expressed  in  words,  the  insulation  resistance  is  equal  to  the  resist- 
ance of  the  volt- 
meter multiplied  hy 
the  difference  be- 
tween the  first  read- 
ing (or  the  voltage 
in  the  cells)  and 
the  second  reading 
(or  the  reading  of 
the  voltmeter  with 
the  insulation  re- 
sistance in  series  with  the  voltmeter),  divided  by  this  last  reading  of 
the  voltmeter. 

Example.  Assume  a  resistance  of  a  voltmeter  (R)  of  20,000  ohms, 
and  a  voltage  of  the  cells  (E)  of  30  volts ;  and  suppose  that  the  insula- 
tion resistance  test  of  a  wiring  installation,  including  switchboard, 
feeders,  branch  circuits,  panel-boards,  etc.,  is  to  be  made,  the  insula- 
tion resistance  being  represented  by  the  letter  R^. .     By  substituting 

in  the  formula 

R(E-  E') 


5+ Bus 


5-Bus 


Fig.  34.    Insulation  Resistance  Placed  in  Circuit,  Ready  for 

Testing. 


Rx  =- 


E' 


and  assuming  that  the  reading  of  the  voltmeter  with  the  insulation 

resistance  connected  is  5,  we  have : 

20,000  X  (30-5) 


R    = 


=  100,000  ohms. 


If  the  test  shows  an  excessive  amount  of  leakage,  or  a  ground  or 
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short  circuit,  the  location  of  the  trouble  may  be  deterniined  by  the 
process  of  elimination— that  is,  by  cutting  out  the  various  feeders 
until  the  ground  or  leakage  disappears,  and,  when  the  feeder  on  which 
the  trouble  exists  has  been  located,  by  following  the  same  process 
with  the  branch  circuits. 

Of  course,  the  larger  the  installation  and  the  longer  and  more 
numerous  the  circuits,  the  greater  the  leakage  will  be;  and  the  lower 
will  be  the  insulation  resistance,  as  there  is  a  greater  surface  exposed 
for  leakage.  The  Rules  of  the  National  Electric  Code  give  a  sliding 
scale  for  the  requirements  as  to  insulation  resistance,  depending  upon 
the  amount  of  current  carried  by  the  various  feeders,  branch  circuits, 
etc.    The  rule  of  the  National  Electric  Code  (No.  66)  covering  this 

point,  is  as  follows: 

"The  wiring  in  any  building  must  test  free  from  grounds;  i.  e.,  the  com- 
plete installation  must  have  an  insulation  between  conductors  and  between 
all  conductors  and  the  ground  (not  including  attachments,  sockets,  recepta- 
cles, etc.)  not  less  tlian  that  given  in  the  following  table: 

Up  to  5  amperes 4,000.()()()  ohms 

10        "■ 2,000,000     " 

25        "  . 800,000     " 

50        "  400,000     " 

100        "         200,000     " 

200        "  100,000     " 

400        "  .50,000     " 

800        "         25,000     " 

"     1,600        "         y         l-'''>00     " 

"The  test  must  be  made  with  all  cut-outs  and  safety  devices  in  place.  If 
the  lamp  sockets,  receptacles,  electroliers,  etc.,  are  ahso  connected,  only  one- 
half  of  the  resistances  specified  in  the  table  will  be  required." 

ALTERNATING-CURRENT  CIRCUITS 

It  is  not  widiin  die  provhice  of  this  chapter  to  treat  the  various 
alternating-current  phenomena,  but  simply  to  outline  the  modifications 
which  should  be  made  in  designing  and  calculating  electric  light 
wiring,  in  order  to  make  proper  allowance  for  these  phenomena. 

The  most  marked  ditl'erence  between  alternating  and  direct  cur- 
rent, so  far  as  wiring  is  concerned,  is  the  effect  produced  by  self- 
induction,  which  is  characteristic  of  all  alternating-current  circuits. 
This  self-induction  varies  greatly  with  conditions  depending  upon 
the  arrangement  of  the  circuit,  the  medium  surrounding  the  circuit, 
the  devices  or  apparatus  supplied  by  or  connected  in  the  circuit,  etc. 
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For  example,  if  a  coil  having  a  resistance  of  100  ohms  is  included  in 
the  circuit,  a  current  of  one  ampere  can  be  passed  through  the  coil 
with  an  electric  pressure  of  100  volts,  if  direct  current  is  used;  while 
it  might  require  a  potential  of  several  hundred  volts  to  pass  a  current 
of  one  ampere  if  alternating-current  were  used,  depending  upon  the 
number  of  turns  in  the  coil,  whether  it  is  wound  on  iron  or  some  other 
non-magnetic  material,  etc. 

It  will  be  seen  from  this  example,  that  greater  allowance  should 
be  made  for  self-induction  in  laying  out  and  calculating  alternating- 
current  wiring,  if  the  conditions  are  such  that  the  self-induction  will 
be  appreciable. 

On  account  of  self-induction,  the  two  wires  of  an  alternating- 
current  circuit  must  never  be  installed  in  separate  iron  or  steel  con- 
duits, for  the  reason  that  such  a  circuit  would  be  virtually  a  choke  coil 
consisting  of  a  single  turn  of  wire  wound  on  an  iron  core,  and  the  self- 
induction  would  not  only  reduce  the  current  passing  through  the  cir- 
cuit, but  also  might  produce  heating  of  the  iron  pipe.  It  is  for  this 
reason  that  the  National  Electric  Code  requires  conductors  constitut- 
ing a  given  circuit  to  be  placed  in  the  same  conduit,  if  that  conduit 
is  iron  or  steel, .  whenever  the  said  circuit  is  intended  to  carry,  or  is 
liable  to  carry  at  some  future  time,  an  alternating  current.  This  does 
not  mean,  in  the  case  of  a  two-phase  circuit,  that  all  four  conductors 
need  be  placed  in  the  same  conduit,  but  that  the  two  conductors  of  a 
given  phase  must  be  placed  in  the  same  conduit.  If,  however,  the 
three-wire  system  be  used  for  a  two-phase  system,  all  three  conductors 
should  be  placed  in  the  same  conduit,  as  should  also  be  the  case  in  a 
three-wire  three-phase  system.  Of  course,  in  a  single-phase  two-  or 
three-wire  system,  the  conductors  should  all  be  placed  in  the  same 
conduit. 

In  calculating  circuits  carrying  alternating  current,  no  allowance 
usually  should  be  made  for  self-induction  when  the  conductors  of  the 
same  circuit  are  placed  close  together  in  an  iron  conduit.  When, 
however,  the  conductors  are  run  exposed,  or  are  separated  from  each 
other,  calculation  should  be  made  to  determine  if  the  effects  of  self- 
induction  are  great  enough  to  cause  an  appreciable  inductive  drop. 
There  are  several  methods  of  calculating  this  drop  due  to  self-induc- 
tion— one  by  formula,  and  one  by  a  mathematical  method  which  will 
be  described. 
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Skin  Effect.  Skin  effect  in  alternating-current  circuits  is  caused 
by  an  incorrect  distribution  of  the  current  in  the  wire,  the  current 
tending  to  flow  through  the  outer  portion  of  the  w^ire,  it  being  a  well- 
known  fact  that  in  alternating  currents,  the  current  density  decreases 
toward  the  center  of  the  conductor,  and  that  in  large  wires,  the  current 
density  at  the  center  of  the  conductor  is  relatively  quite  small. 

The  skin  effect  increases  in  proportion  to  the  square  of  the  diam- 
eter, and  also  in  direct  ratio  to  the  frequency  of  the  alternating  current. 

For  conductors  of  No.  0000  B.  &  S.  Gauge,  and  smaller,  and  for 
frequencies  of  60  cycles  per  second,  or  less,  the  skin  effect  is  negligible 
and  is  less  than  one-half  of  one  per  cent. 

For  very  large  cables  and  for  frequencies  above  60  cycles  per 
second,  the  skin  effect  may  be  appreciable;  and  in  certain  cases,  allow- 
ance for  it  should  be  made  in  making  the  calculation.  In  ordinary 
practice,  however,  it  may  be  neglected.  Table  IX,  taken  from  Alter- 
nating-Current Wiring  and  Distribution,  by  W.  R.  Emmet,  gives  the 
data  necessary  for  calculating  the  skin  effect.  The  figures  given  in 
the  first  and  third  columns  are  obtained  by  multiplying  the  size  of  the 
conductor  (in  circular  mils)  by  the  frequency  (number  of  cycles  per 
second);  and  the  figures  in  the  second  and  fourth  columns  show  the 
factor  to  be  used  in  multiplying  the  ohmic  resistance,  in  order  to 
obtain  the  combined  resistance  and  skin  elTect. 

TABLE  IX 
Data  for  Calculating;  Skin  Effect 


Pkoduct   of    Circular 
Mils  X  Cycles  per  Sec. 

F.\CTOR 

Product   of    Circular 
Mils  X  Cycles  per  Sec. 

Factor 

10,000,000 
20,000,000 
30,000,000 
40,000,000 
50,000,000 
00,000,000 

1.00 
1.01 
1  .03 
1  .05 
1  .OS 
1.10 

70.000,000 

80,000,000 

90,000,000 

100,000,000 

125,000,000 

1.50,000,000 

1.13 
1.17 

1  .20 
1  .25 
1.34 
1.43 

The  factors  given  in  this  table,  multiplied  by  t<he  resistance  to  direct  cur- 
rents, will  give  the  resistance  to  alternating  currents  for  copper  conductors  of 
circular  cross-section. 

Mutual  Induction.  ^Vhen  two  or  more  circuits  are  run  in  the 
sane  vicinity,  there  is  a  possibility  of  one  circuit  inducing  an  electro- 
motive force  in  the  conductors  of  an  adjoining  circuit.  This  effect 
may  result  in  raising  or  lowering  the  E.  M.  F.  in  the  circuit  in  which  a 
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mutual  intluction  takes  place.  The  amount  of  this  induced  E.  M.  F. 
set  up  in  one  circuit  by  a  parallel  current,  is  dependent  upon  the  cur- 
rent, the  frequency,  the  lengths  of  the  circuits  running  parallel  to  each 
other,  and  the  relative  positions  of  the  conductors  constituting  the 
said  circuits. 

Under  ordinary  conditions,  and  except  for  long  circuits  carrying 
high  potentials,  the  effect  of  mutual  induction  is  so  slight  as  to  be 
negligible,  unless  the  conductors  are  improperly  arranged.  In  order 
to  prevent  mutual  induction,  the  conductors  constituting  a  given 
circuit  should  be  grouped  together.     Figs.  35  to  39,  inclusive,  show 

A  A  lepoo  Alt.         .035VoUs. 

7,200     Alt.  .016   Volts. 


o 

o 

o 

o 

• 

o 

o 

o 

• 

o 

o 


o 


Fig.  35. 


Fi-.  36. 


FiK.  37 


Pig.  38. 


Fig.  39. 


16,000    Alt.  .015   Volt5. 

7200      Alt.  .0065Volt5. 

16,000    Alt.  .070  Volts. 

7200      Alt.  .032Volt5, 

16,000    Alt.  .00  6  Volts. 

7200      Alt.  .0027  Volts, 

16,000    Alt.  .112      Volts. 

7200     Alt.  .050  Volts. 


Various  Groupings  of  Conductors  in  Two  Two- Wire  Circuits,    Giving   Various 

Effects  of  luduction. 

five  arrangements  of  two  two-wire  circuits;  and  show  how  relatively 
small  the  effect  of  first  induction  is  when  the  conductors  are  properly 
arranged,  as  in  Fig.  38,  and  how  relatively  large  it  may  be  when  im- 
properly arranged,  as  in  Fig.  39.  These  diagrams  are  taken  from 
a  publication  of  INIr.  Charles  F.  Scott,  entitled  Polyphase  Trans- 
mission,  issued   by   the   Westinghouse   Electric    &   Manufacturing 

Company. 

Line  Capacity.  The  effect  of  capacity  is  usually  negligible, 
except  in  long  transmission  lines  where  high  potentials  are  used ;  no 
calculations  or  allowance  need  be  made  for  capacity,  for  ordinary 
circuits. 
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Calculation  of  Alternating=Current  Circuits.  In  the  instruction 
paper  on  "PoAver  Stations  and  Transmission,"  a  method  is  given  for 
calculating  alternating-current  lines  by  means  of  formuhv,  and  data  are 
given  regarding  power  factor  and  the  calculation  of  both  single-phase 
and  polyphase  circuits.  For  short  lines,  secondary' wiring,  etc.,  how- 
ever, it  is  probably  more  convenient  to  use  the  chart  method  devised 
by  INIr.  Ralph  D.  Mershon,  described  in  the  Americaii  Electrician  oi 
June,  1S97,  and  partially  reproduced  as  follows: 

DROP  IN  ALTERNATINQ=CURRENT  LINES 

AVhen  alternating  currents  first  came  into  use,  when  transmission 
distances  were  short  and  the  only  loads  carried  were  lamps,  the  ques- 
tion of  drop  or  loss  of  voltage  in  the  transmitting  line  was  a  simple  one, 
and  the  same  methods  as  for  direct  current  could  without  serious 
error  be  employed  in  dealing  with  it.  The  conditions  existing  in 
alternating  practice  to-day — longer  distances,  polyphase  circuits, 
and  loads  made  up  partly  or  wholly  of  induction  motors — render 
this  question  less  simple;  and  direct-current  methods  applied  to  it 
do  not  lead  to  satisfactory  results.  Any  treatment  of  this  or  of 
any  engineering  subject,  if  it  is  to  benefit  the  majority  of  engineers, 
must  not  involve  groping  through  long  equations  or  complex  diagrams 
in  search  of  practical  results.  The  results,  if  any,  must  be  in  avail- 
able and  convenient  form.  In  what  follows,  the  endeavor  has  been 
made  to  so  treat  the  subject  of  drop  in  alternating-current  lines  that 
if  the  reader  be  grounded  in  the  theory'  the  brief  space  devoted  to 
it  will  suffice;  but  if  he  do  not  comprehend  or  care  to  follow  the 
simple  theory  involved,  he  may  nevertheless  turn  the  results  to  his 
practical  advantage. 

Calculation  of  Drop.  Most  of  the  matter  heretofore  published 
on  the  subject  of  drop  treats  only  of  the  inter-relation  of  the  E.  M.  F.'s 
involved,  and,  so  far  as  the  writer  knows,  there  have  not  appeared 
in  convenient  form  the  data  necessary  for  accurately  calculating  this 
(juantity.  Table  X  (page  47)  and  the  chart  (page  4G)  include,  in  a 
form  suitable  for  the  engineer's  pocketbook,  everything  necessary 
for  calculating  the  drop  of  alternating-c-urrent  lines. 

The  chart  is  simply  an  extension  of  the  vector  diagram  (Fig.  40), 
giving  the  relations  of  the  E.  M.  F.'s  of  line,  load  and  generator.    In 
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Fig.  40,  E  is  the  generator  E.  INI.  F. ;  c,  the  E.  ]\I.  F.  impressed  upon 
the  load ;  c,  that  component  of  E  which  overcomes  the  back  E.  M.  F. 
due  to  the  impedance  of  the  line.  The  component  c  is  made  up  of  two 
components  at  right  angles  to  each  other.  One  is  a,  the  component 
overcomino;  the  IR  or  back  E.  M.  F.  due  to  resistance  of  the  line. 
The  other  is  b,  the  component  overcoming  the  reactance  E.  iM.  F.  or 
back  E.  ]M.  F.  due  to  the  alternating  field  set  up  around  the  wire  by 
the  current  in  the  wire.  The  drop  is  the  difference  between  E  and 
c.  It  is  d,  the  radial  distance  between  two  circular  arcs,  one  of  which 
is  drawn  with  a  radius  e,  and  the  other  with  a  radius  E. 

The  chart  is  made  by  striking  a  succession  of  circular  arcs  with 
0    as   a   center.  ^ 

The  radius  of  the 
smallest  circle  cor- 
responds to  e,  the 
E.  :M.  F.  of  the 
load,  which  is  taken 
as  100  per  cent. 
The  radii  of  the  suc- 
ceeding circles  in- 
crease by  1  per  cent 
of  that  of  the  small- 
est circle;  and,  as 
the  radius  of  the 
last  or  largest  cir- 
cle is  140  per  cent 
of  that  of  the  smallest,  the  chart  answers  for  drops  up  to  40  per  cent  of 
the  E.  M.  F.  delivered. 

The  terms  resistance  voUs,  resistance  E.  M.  F.,  reactance  volts, 
and  reactance  E.  M.  F.,  refer,  of  course,  to  the  voltages  for  overcom- 
ing the  back  E.  jNI.  F.  's  due  to  resistance  and  reactance  respectively. 
The  figures  given  in  the  table  under  the  heading  "Resistance-Volts 
for  One  Ampere,  etc."  are  simply  the  resistances  of  2,000  feet  of  the 
various  sizes  of  w'ire.  The  values  given  vmder  the  heading  "React- 
ance-Volts, etc.,"  are,  a  part  of  them,  calculated  from  tables  published 
some  time  asro  bv  INIessrs.  Houston  and  Kennellv.  The  remainder 
were  obtained  by  using  Maxwell's  formula. 

The   explanation  given  in   the  table  accompanying  the  chart 


J--*J 


Fig.  40.    Vector  Diagram. 
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O  10  20  30 

DROP  IN  PERCENT  OF  E.M.  F.   OELIVEREO 


e  .7  .8  .9 

LOAD  powen  FAOTom 

Churl  lor  Calculating  Drop  in  Alternating-Current  Lines 
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TABLE   X 
Data  for  Calculating  Drop  in  AIternating=Current  Lines 

To  be  used  iu  coujuuctiou  with  Chart  on  opposite  page. 


Bv  means  of  the  table,  calculate  the  lifsistance-Volts  and  the  neactance-] oils  m  the 
line  and  find  what  per  cent  each  is  of  the  E.  M.  F.  delivered  at  the  end  of  the  line 
Startin"  from  the  point  on  the  chart  where  the  vertical  line  corresponding  with  the 
power  fac  or  of  the  load  intersects  the  smallest  circle,  lay  off  in  per  cent  the  resistance 
?•  M  V  horizontallv  and  to  the  right;  from  the  point  thus  obtained,  lay  off  upward 
m  per  ceSt  twe-unance  E.  M.  F.  The  circle  on  which  the  last  point  falls  gives  the 
K  in  P^r  cent  of  the  EM.  F.  delivered  at  the  end  of  the  line.  Every  tenth  circle 
arc  is  marked  with  the  per  cent  drop  *o  which  it  corresponds. 


.S£ 

Throughout  the  table  the  lower  figures  in  the  squares  give 

^/ 

I.STA 

ine  ( 
Amp 

values  for  one   mile    of   line,  corresponding  to  those  of    the 

■^.2 
^"^ 

^a 

upper  figures  for  1,000  feet  of  line. 

m 

^ 

gcfi 

Ko5 

Upper  figures  are  Reactance-Volts  in  1,000  ft.  of  Line  (= 

n 

c3^ 

3,000  ft.  of   Wire)  for  One    Ampere  at  7.200    Alternations   per 

1 

£ 

£| 

tsa 

Minute  (60  Cycles  per  Second)   for  the  distance  given  between 

2   - 

3—  aj 

Centers  of  Conductors. 

qa  u 

Mfl.i3 

O 

0) 

^i^ 

N 
S 

ft«  o 
P.O    . 

p>e 

H" 

1" 

2" 

3"         6" 

9" 

12" 

18" 

34" 

30" 

36" 

0000 

639 

.098 

.046 

.079 

.111 

.1.30 '.161 

.180 

.193 

.212 

.225 

.235 

.244 

3,376 

.518 

.243 

.417 

.586 

.687 

.850 

.951 

1.02 

1.13 

1.19 

1.24 

1.29 

000 

507 

.124 

.052 

.085 

.116 

.135 

.167 

.185 

.199 

.217 

.230 

.241 

.249 

■ 

2,677 

.6.=)3 

.275 

.449 

.613 

.713 

.140 

.883 

.977 

1.05 

1.15 

1.23 

1.27 

1.33 

00 

402 

.156 

.057 

.090 

.121 

.172 

.190 

.204 

.222 

.236 

.246 

.254 

2,123 

.834 

.301 

.475 

.639 

.739 

.908 

1,00 

1.08 

1.17 

1.25 

1.30 

1.34 

0 

319 

.197 

.063 

.095 

.127 

.145   .177 

.196 

.209 

.228 

.241 

.251 

.259 

1,685 

1.04 

.332 

.503 

.671 

.766      .935 

1.04 

1.10 

1.30 

1.37 

1.33 

1.37 

1 

253 

.248 

.068 

.101 

.132 

.151 

.183 

.201 

.214 

.233 

.246 

.256 

.265 

1,335 

1.31 

.359 

.533 

.687 

.797 

.966 

1.06 

1.13 

1,33 

1.30 

1.35 

1.40 

2 

201 

.313 

.074 

.106 

.138 

.156 

.188 

.206 

.220 

.238 

.252 

.262 

.270 

1,059 

1.65 

.391 

.560 

.738 

.834 

.993 

1.09 

1.16 

1.36 

1.33 

1.38 

1.43 

3 

159 

.394 

.079 

.112 

.143 

.162 

.193 

.212 

.225 

.244 

.257 

.267 

.275 

840 

2.08 

.417 

.591 

.755 

.856 

1.03 

1.13 

1.19 

1.29 

1.36 

1.41 

1.45 

4 

126 

.497 

.085 

.117 

.149 

.167 

.199 

.217 

.230 

.249 

.262 

.272 

.281 

666 

2.63 

.449 

.618 

.787 

.882 

1.05 

1.15 

1.22 

1.32 

1.38 

1.44 

1.48 

5 

100 

.627 

.090 

.121 

.154 

.172 

.204 

.223 

.236 

.254 

.268 

.278 

.286 

528 

3.31 

.475 

.639 

,813 

.908 

1.08 

1.18 

1.25 

1,34 

1.42 

1.47 

1.51 

6 

79 

.791 

095 

127 

.158 

.178 

.209 

.228 

.241 

.260 

.272 

.283 

.291 

419 

4.18 

.503 

.671 

.834 

.940 

1.10 

1.20 

1.27     1.37 

1.44 

1.49 

1.54 

7 

63 

997 

101 

,132 

.164 

.183 

.214 

.233 

.246 

.265 

.278 

.288 

.296 

332 

5.27 

.533 

.697 

.866 

.966 

1.13 

1.23 

.238 

1.30 

1.40 

1.47 

1.52 

1.56 

8 

50 

1.260 

106 

.138 

.169 

.188 

.220 

.252 

.270 

.284 

.293 

.3  02 

363 

6.64 

.560 

.729 

.893 

.993 

1.16 

1.36 

1  33 

1.43 

1.50 

1.55  1  1.(30 
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(Tabic  X)  is  thought  to  be  a  sufficient  guide  to  its  use,  but  a  few 
examples  may  be  of  value. 

Problem.  Power  to  be  delivered,  250  K.W.;  E.  M.  F.  to  be  delivered, 
2,000  volts;  distance  of  transmission,  10.000  feet;  size  of  wire,  No.  0;  distance 
between  wires,  18  inches;  power  factor  of  load,  .8;  frequency,  7,200  alterna- 
tions per  minute.     Find  the  line  loss  and  drop. 

Remembering  that  the  power  factor  is  that  fraction  by  which 
the  apparent  power  of  volt-amperes  must  be  multiplietl  to  give  the 
true  power,  the  apparent  power  to  be  delivered  is 

~^^ ^•^^-  =312.5  apparent  K.W. 

The  current,  therefore,"  at  2,000  volts  will  be 

312,500     _„  ^, 

=  1  o6 .  25  amperes. 

2,000  * 

From  the  table  of  reactances  under  the  heading  "18  inches,"  and 

corresponding  to  No.  0  wire,  is  obtained  the  constant  .228.     Bearing 

the  instructions  of  the  table  in  mind,  the  reactance-volts  of  this  line 

are,  156.25  (amperes)  X  10  (thousands  of  feet)  X  .228=356.3  volts, 

which  is  17.8  per  cent  of  the  2,000  volts  to  be  delivered. 

From  the  column  headed  "Resistance- Volts"  and  corresponding 
to  No.  0  wire,  is  obtained  the  constant  .197.  The  resistance-volts 
of  the  line  are,  therefore,  156.25  (amperes)  X  10  (thousands  of  feet) 
X  .197  =  307.8  volts,  which  is  15.4  per  cent  of  the  2,000  volts  to  be 
delivered. 

Starting,  in  accordance  with  the  instructions  of  the  table,  from 
the  point  where  the  vertical  line  (which  at  the  bottom  of  the  chart 
is  marked  "Load  Power  Factor"  .8)  intersects  the  inner  or  smallest 
circle,  lay  off  horizontally  and  to  the  right  the  resistance-E.  M.  F.  in 
per  cent  (15.4) ;  and  from  the  'point  thus  obtained,  lay  off  vertically  the 
reactance-E.  M.  F.  in  per  cent  (17.8).  The  last  point  falls  at  about 
23  per  cent,  as  given  by  the  circular  arcs.  This,  then,  is  the  drop,  in 
per  cent,  of  the  E.  M.  F.  delivered.  The  drop,  in  per  cent,  of  the  genera- 
tor Yj.  M.  F.  is,  of  course, 

^  =18.7  per  cent. 

100+23  ^ 

The  percentage  loss  of  poicer  in  the  line  has  not,  as  with  direct 
current,  the  same  value  as  the  percentage  drop.  This  is  due  to  the 
fact  that  the  line  has  reactance,  and  also  that  the  apparent  power 
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delivered  to  the  load  is  not  identical  with  the  true  power — that  is, 
the  load  power  factor  is  less  than  unity.  The  loss  must  be  obtained 
by  calculating  7-  R  for  the  line,  or,  what  amounts  to  the  same  thing, 
by  multiplying  the  resistance-volts  by  the  current. 

The  resistance-vohs  in  this  case  are  307.8,  and  the  current 
156.25  amperes.  The  loss  i:  307.8  X  156.25=48.1  K.  W.  The 
percentage  loss  is 

250+48.1  =  ^^'-^  P'^'  '''''■ 
Therefore,  for  the  problem  taken,  the  drop  is  18.7  per  cent,  and  the 
loss  is  16 . 1  per  cent.  If  the  problem  be  to  find  the  size  wire  for  a  given 
drop,  it  must  be  solved  by  trial.  Assume  a  size  of  wire  and  calculate 
the  drop ;  the  result  in  connection  with  the  table  will  show  the  direction 
and  extent  of  the  change  necessarj^  in  the  size  of  wire  to  give  the 
required  drop. 

The  effect  of  the  line  reactance  in  increasing  the  drop  should  be 
noted.  If  there  were  no  reactance,  the  drop  in  the  above  example 
would  be  given  by  the  point  obtained  in  laying  off  on  the  chart  the 
resistance-E.  M.  F.  (15.4)  only.  This  point  falls  at  12.4  per  cent, 
and  the  drop  in  terms  of  the  generator  E.  M.  F.  would  be 

12.4 
^TT^-j  =  1 1  per  cent,  mstead  of  18 . 7  per  cent. 

Anything  therefore  which  will  reduce  reactance  is  desirable. 

Reactance  can  be  reduced  in  two  ways.  One  of  these  is  to 
diminish  the  distance  between  wires.  The  extent  to  which  this  can 
be  carried  is  limited,  in  the  case  of  a  pole  line,  to  the  least  distance  at 
which  the  wires  are  safe  from  swinging  together  in  the  middle  of  the 
span;  in  inside  wiring,  by  the  danger  from  fire.  The  other  way  of 
reducing  reactance  is  to  split  the  copper  up  into  a  greater  number  of 
circuits,  and  arrange  these  circuits  so  that  there  is  no  inductive  inter- 
action. For  instance,  suppose  that  in  the  example  worked  out  above, 
two  No.  3  wires  were  used  instead  of  one  No.  0  wire.  The  resistance- 
volts  would  be  practically  the  same,  but  the  reactance-volts  would  be 

244 
less  in  the  ratio  ^  X  '-^r^  =  .535,  since  each  circuit  would  bear  half  the 

current  the  No.  0  circuit  does,  and  the  constant  for  No.  3  wire  is  .  244, 
instead  of  .  228— that  for  No.  0.  The  effect  of  subdividing  the  copper 
is  also  shown  if  in  the  example  given  it  is  desired  to  reduce  the  drop 


249 


50  ELECTRIC  WIPING 


to,  say,  one-half.  Increasing  the  copper  from  No.  0  to  No.  0000  will 
not  produce  the  refjuired  result,  for,  although  the  resistance-volts  will 
be  reduced  one-half,  the  reactance-volts  will  be  reduced  only  in  the 
ratio  .212^     If,  however,  iwo  inductively  independent  circuits  of  No.  0 

.228' 
wire  be  used,  the  resistance-  and  reactance-volts  will  both  be  reduced 
one-half,  and   the  drop  will  therefore  be  diminished  the  reciuircd 
amount. 

The  component  of  drop  due  to  reaciancc  is  best  diminished  by  sub- 
dividing the  copper  or  by  bringing  the  conductors  closer  together.  It 
is  little  affected  by  change  in  size  of  conductors. 

An  idea  of  the  manner  in  which  changes  of  power  factor  affect 

drop  is  best  gotten  by  an  example.     Assume  distance  of  transmission, 

distance  between  conductors  E.  M.  F.,  and  frequency,  the  same  as  in 

the  previous  example.     Assume  the  apparent  pow-er  delivered  the 

same  as  before,  and  let  it  be  constant,  but  let  the  power  factor  be  given 

several  different  values;  the  true  power  will  therefore  be  a  variable 

depending  upon  the  value  of  the  power  factor.     Let  the  size  of  wire 

be  No.  0000.     As  the  apparent  power,  and  hence  the  current,  is  the 

same  as  before,  and  the  line  resistance  is  one-half,  the  resistance- 

E.  M.  F.  will  in  this  case  be 

15  4 

-^— ,  or  7 . 7  per  cent  of  the  E.  M.  F.  delivered. 

Also,  the  reactance-E.  INI.  F.  will  be 

.212  X  17.8      ,.  r 
=  16. 5  per  cent. 

.228  ^ 

Combining  these  on  the  chart  for  a  power  factor  of  .4,  and  deducing 
the  drop,  in  per  cent,  of  the  generator  E.  M.  F.,  the  value  obtained  is 
15.3  per  cent;  with  a  power  factor  of  .8,  the  drop  is  14  per  cent; 
with  a  power  factor  of  unity,  it  is  8  per  cent.  If  in  this  example  the 
true  power,  instead  of  the  apparent  power,  had  been  taken  as  constant, 
it  is  evident  that  the  values  of  drop  would  have  differed  more  widely, 
since  the  current,  and  hence  the  resistance-  and  reactance-volts, 
would  have  increased  as  the  power  factor  diminished.  The  condition 
taken  more  nearly  represents  that  of  practice. 

If  the  line  had  resistance  and  no  reactance,  the  several  values 
of  drop,  instead  of  15.3,  14,  and  8,  would  be  3.2,  5.7,  and  7.2  per 
cent  respectively,  showing  that  for  a  load  of  lamps  the  drop  will  not 
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be  much  increased  by  reactance;  but  that  with  a  load,  such  as  inchic- 
tion  motors,  whose  power  factor  is  less  than  unity,  care  should  be 
taken  to  keep  the  reactance  as  low  as  practicable.  In  all  cases  it  is 
advisable  to  place  conductors  as  close  together  as  good  practice  will 
permit. 

When  there  is  a  transformer  in  circuit,  and  it  is  desired  to  obtain 
the  combined  drop  of  transformer  and  line,  it  is  necessaiy  to  know 
the  resistance-  and  reactance-volts  of  the  transformer.  The  resist- 
ance-volts of  the  combination  of  line  and  transformer  are  the  sum  of 
the  resistance-volts  of  the  line  and  the  resistance-volts  of  the  trans- 
former. Similarly,  the  reactance-volts  of  the  line  and  transformer 
are  the  sum  of  their  respective  reactance-volts.  The  resistance-  and 
reactance-E.  M.  F.s  of  transformers  may  usually  be  obtained  from 
the  makers,  and  are  ordinarily  given  in  per  cent.*  These  per- 
centages express  the  values  of  the  resistance-  and  reactance-E.  M.  F.'s 
when  the  transformer  delivers  its  normal  full-load  current;  and  they 
express  these  values  in  terms  of  the  normal  no-load  E.  M.  F.  of  the 
transformer. 

Consider  a  transformer  built  for  transformation  between  1,000 
and  100  volts.  Suppose  the  resistance-  and  reactance-E.  M.  F.'s  given 
are  2  per  cent  and  7  per  cent  respectively.  Then  the  corresponding 
voltages  when  the  transformer  delivers  full-load  current,  are  2  and  7 
volts  or  20  and  70  volts  according  as  the  line  whose  drop  is  required 
is  connected  to  the  low-voltage  or  high-voltage  terminals.  These 
values,  2 — 7  and  20 — 70,  hold,  no  matter  at  what  voltage  the  trans- 


*When  the  required  values  cannot  be  obtained  from  the  makers,  they  may  be 
measured.  Measure  the  resistance  of  both  coils.  If  the  line  to  be  calculated  is  attached 
to  the  high-voltage  terminals  of  the  transformer,  the  eqmvalent  resistance  is  that  of  the 
high-voltage  coil,  plus  the  resistance  obtained  by  increasing  in  the  square  of  the  ratio  of 
transformation  the  measured  resistance  of  the  low- voltage  coil.  That  is,  if  the  ratio  of 
transformation  is  10,  the  equivalent  resistance  referred  to  the  high-voltage  circuit  is 
the  resistance  of  the  high-voltage  coil,  plus  100  times  that  of  the  low-voltage  coil.  This 
equivalent  resistance  multiplied  by  the  high-voltage  current  gives  the  transformer 
resistance-volts  referred  to  the  liigh-voltage  circuit.  Similarly,  the  equivalent  resist- 
ance referrfed  to  the  low-voltage  circuit  is  the  resistance  of  the  low-voltage  coil,  plus  that 
of  the  high-voltage  coil  reduced  in  the  square  of  the  ratio  of  transformation.  It  follows, 
of  course,  from  this,  that  the  values  of  the  resistance- volts  referred  to  the  two  circuits 
bear  to  each  other  the  ratio  of  transformation.  To  obtain  the  reactance-volts,  short- 
circuit  one  coil  of  the  transformer  and  measure  the  voltage  necessary  to  force  through 
the  other  coil  its  normal  current  at  normal  frequency.  The  result  is,  nearly  enough, 
the  reactance-volts.  It  makes  no  difference  which  coil  is  short-circuited,  as  the  results 
obtained  in  one  case  will  bear  to  those  in  the  other  the  ratio  of  transformation.  If  a 
close  value  is  desired,  subtract  from  the  square  of  the  voltage  reading  the  square  of  the 
resistance-volts,  and  tak6  the  square  root  of  the  difference  as  the  reactance-volts. 
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former  is  operated,  since  they  depend  only  upon  the  strength  of  cur- 
rent, providing  it  is  of  the  normal  frequency.  If  any  other  than  the 
full-load  current  is  drawn  from  the  transformer,  the  reactance-  and 
resistance-volts  will  be  such  a  proportion  of  the  values  given  above 
as  the  current  flowing  is  of  the  full-load  current.  It  may  be  noted,  in 
passing,  that  when  the  resistance-  and  reactance-volts  of  a  trans- 
former are  known,  its  regulation  may  be  determined  by  making  use 
of  the  chart  in  the  same  way  as  for  a  line  having  resistance  and 
reactance. 

As  an  illustration  of  the  method  of  calculating  the  drop  in  a 
line  and  transformer,  and  also  of  the  use  of  table  and  chart  in  calculat- 
ing low-voltage  mains,  the  following  example  is  given : 

Problem.  A  single-phase  induction  motor  is  to  be  supplied  with  20  am- 
peres at  200  volts;  alternations,  7,200  per  minute;  power  factor,  .78.  The 
distance  from  transformer  to  motor  is  150  feet,  and  the  line  is  No.  5  wire,  G 
inches  between  centers  of   conductors.     The  transformer  reduces  in  the  ratio 

--^ — ,  has  a  capacity  of  25  amperes  at   200  volts,  and,  when  delivering  this 

current   and  voltage,   its   resistance-E.  M.  F.   is   2.5  per  cent,  its  reactance- 
E.  M.  F.  5  per  cent.     Find  the  drop. 

The  reactance  of  1,000  feet  of  circuit  consisting  of  two  No.  5 
wires,  G  inches  apart,  is  .204.    The  reactance-volts  therefore  are 

1  '^0 
.204  X  j^  X  20  =  .61  volts. 

The  resistance-volts  are 

1  'lO 

.027  X  -^^  X  20  =  l.ScS  volts. 
1,000 

At  25  amperes,  the  resistance-volts  of  the  transformer  are  2.5  per 

'^0 
cent  of  200,  or  5  volts.    At  20  amperes,  they  are   ~-  of  this,  or  4  volts. 

Similarly,   the  transformer  reactance-volts  at  25  amperes  are   10, 

and  at  20  amperes  are  8  volts.     The  combined  reactance-volts  of 

transformer  and  line  are  8  +  .61  =  8.61,  which  is  4.3  per  cent  of 

the  200  volts  to  be  delivered.     The  combined  resistance-volts  are  1.88 

+4,  or  5.88,  which  is  2.94  per  cent  of  the  E.  M.  F,  to  be  delivered. 

Combining  these  cjuantities  on  the  chart  with  a  power  factor  of  .78, 

the  drop  is  5  per  cent  of  the  delivered  E.  M.  F., 

5 
or    '      =  4.8  per  cent 

of  the  impressed  E.  M.  F.     The  transformer  must  be  supplied  with 
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2,000      ^.„^     ,. 
-^^^2,100  volts, 

in  order  that  200  volts  shall  be  delivered  to  the  motor. 

Table  X  (page  47)  is  made  out  for  7,200  alternations,  but  will 
answer  for  any  other  number  if  the  values  for  reactance  be  changed 
in  direct   proportion   to  the  change  in   alternations.     For  instance, 

for    10,000   alternations,    multiply  the    reactances   given    by  — ' — ■ 

i^.y  &  J    7  200 

For  other  distances  between  centers  of  conductors,  interpolate  the 
values  given  in  the  table.  As  the  reactance  values  for  different  sizes 
of  wire  change  by  a  constant  amount,  the  table  can,  if  desired,  be 
readily  extended  for  larger  or  smaller  conductors. 

The  table  is  based  on  the  assumption  of  sine  currents  and 
E.  M.  F.  's.  The  best  practice  of  to-day  produces  machines  which 
so  closely  approximate  this  condition  that  results  obtained  by  the 
above  methods  are  well  within  the  limits  of  practical  requirements. 

Polyphase  Circuits.  So  far,  single-phase  circuits  only  have 
been  dealt  with.  A  simple  extension  of  the  methods  given  above 
adapts  them  to  the  calculation  of  polyphase  circuits.  A  four-wire 
quarter-phase  (two-phase)  transmission  may,  so  far  as  loss  and  regula- 
tion are  concerned,  be  replaced  by  two  single-phase  circuits  identical 
(as  to  size  of  wire,  distance  between  wires,  current,  and  E.  M.  F.) 
with  the  two  circuits  of  the  quarter-phase  transmission,  provided  that 
in  both  cases  there  is  no  inductive  interaction  between  circuits.  There- 
fore, to  calculate  a  four-wire,  quarter-phase  transmission,  compute 
the  single-phase  circuit  required  to  transmit  one-half  the  power  at 
the  same  voltage.  The  quarter-phase  transmission  will  require  two 
such  circuits. 

A  three-wire,  ^/iree-p/ia^e  transmission,  of  which  the  conductors 
are  symmetrically  related,  may,  so  far  as  loss  and  regulation  are 
concerned,  be  replaced  by  two  single-phase  circuits  having  no  in- 
ductive interaction,  and  identical  with  the  three-phase  line  as  to 
size,  wire,  and  distance  between  wires.  Therefore,  to  calculate  a 
three-phase  transmission,  calculate  a  single-phase  circuit  to  carry 
one-half  the  load  at  the  same  voltage.  The  three-phase  transmis- 
sion will  require  three  wires  of  the  size  and  distance  between  centers 
as  obtained  for  the  single-phase, 

A   three-wire,    quarter-phase   transmission    may    be   calculated 
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exactly  as  regards  loss,  and  approximaicly  as  regards  drop,  in  the 
same  way  as  for  three-phase.  It  is  possible  to  exactly  calculate 
the  drop,  but  this  involves  a  more  complicated  method  than  the 
approximate  one.  The  error  by  this  approximate  method  is  gen- 
erally small.  It  is  possible,  also,  to  get  a  somewhat  less  drop  and 
loss  with  the  same  copper  by  proportioning  the  cross-section  of 
the  middle  and  outside  wires  of  a  three-wire,  quarter-phase  circuit 
to  the  currents  they  carr}',  instead  of  using  three  wires  of  the  same 
size.  The  advantage,  of  course,  is  not  great,  and  it  will  not  be  con- 
sidered here. 

WIRING  AN  OFFICE  BUILDING 

The  building  selected  as  a  typical  sample  of  a  wiring  installation 
is  that  of  an  office  building  located  in  Washington,  D.  C.  The  figures 
shown  are  reproductions  of  the  plans  actually  used  in  installing  the 
work. 

The  building  consists  of  a  basement  and  ten  stories.  It  is  of 
fireproof  construction,  having  steel  beams  with  terra-cotta  flat  arches. 
The  main  walls  are  of  brick  and  the  partition  walls  of  terra-cotta 
blocks,  finished  with  plaster.  There  is  a  space  of  approximately  five 
inches  between  the  top  of  the  iron  beams  and  the  top  of  the  finished 
floor,  of  which  space  about  three  inches  was  available  for  running 
the  electric  conduits.  The  flooring  is  of  wood  in  the  offices,  but  of 
concrete,  mosaic,  or  tile  in  the  basement,  halls,  toilet-rooms, 
etc. 

The  electric  current  supply  is  derived  from  the  mains  of  the  local 
illuminating  company,  the  mains  being  brought  into  the  front  of  the 
building  and  extending  to  a  switchboard  located  near  the  center  of  the 
basement. 

As  the  buiUling  is  a  veiy  substantial  fireproof  structure,  the  only 
method  of  wiring  considered  was  that  in  which  the  circuits  would  be 
installed  in  iron  conduits. 

Electric  Current  Supply.  The  electric  current  supply  is  direct 
current,  two-wire  for  power,  and  three-wire  for  lighting,  having  a 
potential  of  23G  volts  between  the  outside  conductors,  and  118  volts 
between  the  neutral  and  either  outside  conductor. 
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Switchboard.  On  the  switchboard  in  the  basement  are  mounted 
wattmeters,  provided  by  the  local  electric  company,  and  the  various 
switches  required  for  the  control  and  operation  of  the  lighting  and 
power  feeders.  There  are  a  total  of  ten  triple-pole  switches  for  light- 
ing, and  eighteen  for  power.  An  indicating  voltmeter  and  ampere 
meter  are  also  placed  in  the  switchboard.  A  voltmeter  is  provided 
with  a  double-throw  switch,  and  so  arranged  as  to  measure  the  poten- 
tial across  the  two  outside  conductors,  or  between  the  neutral  con- 
ductor and  either  of  the  outside  conductors.  The  ampere  meter  is 
arranged  with  two  shunts,  one  being  placed  in  each  outside  leg;  the 
shunts  are  connected  with  a  double-pole,  double-throw  switch,  so 
that  the  ampere  meter  can  be  connected  to  either  shunt  and  thus 
measure  the  current  supplied  on  each  side  of  the  system. 

Character  of  Load.  The  building  is  occupied  partly  as  a  news- 
paper office,  and  there  are  several  large  presses  in  addition  to  the  usual 
linotype  machines,  trimmers,  shavers,  cutters,  saws,  etc.  There  are 
also  electrically-driven  exliaust  fans,  house  pumps,  air-compressors, 
etc.  The  upper  portion  of  the  building  is  almost  entirely  devoted 
to  offices  rented  to  outside  parties.  The  total  number  of  motors 
supplied  was  55;  and  the  total  number  of  outlets,  1,100,  supplying 
2,400  incandescent  lamps  and  4  arc  lamps. 

Feeders  and  Mains.  The  arrangement  of  the  various  feeders 
and  mains,  the  cut-out  centers,  mains,  etc.,  which  they  supply,  are 
shown  diagrammatically  in  Fig.  41,  which  also  gives  in  schedule  the 
sizes  of  feeders,  mains,  and  motor  circuits,  and  the  data  relating  to  the 
cut-out  panels. 

Although  the  current  supply  was  to  be  taken  from  an  outside 
source,  yet,  inasmuch  as  there  was  a  probability  of  a  plant  being  in- 
stalled in  the  building  itself  at  some  future  time,  the  three-wire  system 
of  feeders  and  mains  w^as  designed,  with  a  neutral  conductor  equal 
to  the  combined  capacity  of  the  two  outside  conductors,  so  that 
120-volt  two-wire  generators  could  be  utilized  without  any  change  in 
the  feeders. 

Basement.  The  plan  of  the  basement,  Fig.  42,  shows  the  branch 
circuit  wiring  for  the  outlets  in  the  basement,  and  the  location  of  the 
main  switchboard.  It  also  shows  the  trunk  cables  for  the  inter- 
connection system  serving  to  provide  the  necessaiy  wires  for  telephones, 
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tickers,  messenger  calls,  etc.,  in  all  the  rooms  throughout  the  building, 
as  will  be  described  later. 

To  avoid  confusion,  the.  feeders  were  not  shown  on  the  basement 
plan,  but  were  described  in  detail  in  the  specification,  and  installed 
in  accordance  with  directions  issued  at  the  time  of  installation.  The 
electric  current  supply  enters  the  building  at  the  front,  and  a  service 
switch  and  cut-out  are  placed  on  the  front  wall.  From  this  point,  a 
two-wnre  feeder  for  power  and  a  three-wire  feeder  for  lighting,  are 
nm  to  the  main  switchboard  located  near  the  center  of  the  basement. 
Owing  to  the  size  of  the  conduits  required  for  these  supply  feeders,  as 
well  as  the  main  feeders  extending  to  the  upper  floors  of  the  building, 
the  said  conduits  are  run  exposed  on  substantial  hangers  suspended 
from  the  basement  ceiling. 

First  Floor.  The  rear  portion  of  the  building  from  the  basement 
through  the  first  floor,  Fig.  43,  and  including  the  mezzanine  floor, 
between  the  first  and  second  floors,  at  the  rear  portion  of  the  building 
only,  is  utilized  as  a  press  room  for  several  large  and  heavy,  modern 
newspaper  presses.  The  motors  and  controllers  for  these  presses  are 
located  on  the  first  floor.  A  separate  feeder  for  each  of  these  press 
motors  is  run  directlv  from  the  main  switchboard  to  the  motor  con- 
troller  in  each  case.  Empty  conduits  w^ere  provided,  extending  from 
the  controllers  to  the  motor  in  each  case,  intended  for  the  various 
control  wires  installed  by  the  contractor  for  the  press  equipments. 

One-half  of  the  front  portion  of  the  first  floor  is  utilized  as  a  news- 
paper office;  the  remaining  half,  as  a  bank. 

Second  Floor.  The  rear  portion  of  the  second  floor.  Fig.  44,  is 
occupied  as  a  composing  and  linotype  room,  and  is  illuminated  chiefly 
by  means  of  drop-cords  from  outlets  located  over  the  linotype  machines 
and  over  the  compositors'  cases.  Separate  J-horse-power  motors 
are  provided  for  each  linotype  machine,  the  circuits  for  the  same  being 
run  underneath  the  floor. 

Upper  Floors.  A  typical  plan  (Fig.  45)  is  shown  of  the  upper 
floors,  as  they  are  similar  in  all  respects  with  the  exception  of  certain 
changes  in  partitions,  \yhich  are  not  material  for  the  purpose  of  illus- 
tration or  for  practical  example.  The  circuit  work  is  sufficiently 
intelligible  from  the  plan  to  recjuire  no  further  explanation. 

Interconnection  System.  Fig.  46  is  a  diagram  of  the  intercon- 
nection system,  showing  the  main  interconnection  box  located  in  the 
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a  Composing  and  Linotype  Room. 


Hear  rorlion  Occupied  as 


260 


ELECTRIC  WIRING 


01 


SCHEDULE  OF  CIRCUITS 


•■ri  -^  u  i;  \— ,.  ■^'J'    R-;;  gif.  |2o'l 

pi  ;i  :i          ii  ii  I 

I  i:  "  "        I"  "  1 

I  II  M                     II  II  I 

I  "  '^  i: 


I'        •  '1         "i  L"^         P-T 


J^3 


:=.-.-.-.    I 


I  l|l  :iH2  i:  ! 

k  ll!  ^4 


^jR^Jl;i!3  I;       II      Ji       i; 

b  ;i  I  '  g'ii  w        ;■    ii   ..     ;■ 


6 

z 

SUP- 
PLIED 

5 

OUTLETS 
SUPPLIED 

TOTAt 

AT  WHAT 
POINT    CON- 
TROLLED 

u 
■^ 

Z 

i 

W 

liJ 

-1 

(0 

1- 

r 

(S 

-J 

1 
n 

A 

abed 

A. 

8 

'• 

ef  ovitjk 

1 

7 

ill 

" 

iTT, 

2 

B 

IV 

n 

1 

fl 

■2" 

*». 

o 

1 

6 

iilL 

pqrst  u 

6 

6 

on 

V  w  xy 

A 

8 

z  a.' 

2 

8 

iX 

be 

2 

8 

Lx. 

d'ef 

3 

6 

1 1 

g'hH'i' 

A 

4 

ii> 

t 

k 

1 

n 

13 

Vmn'o'p'qV' 

7 

7 

14. 

s'f 

2 

8 

lb 

u'v' 

2 

a 

16 

w'  x' 

? 

R 

17 

y'z' 

2 

8 

1« 

a."  b" 

2 

a 

19 

c" 

1 

^ 

20 

d"e"f''Q"b"'i" 

6 

6 

ill 

j"k- 

2 

2 

22 

V 

1 

2 

Sat  A. 

641 

146 

23 

B 

Tn"n'' 

2 

n 

Sate, 

2^ 

'• 

" 

o" 

I 

6 

S  "   " 

2b 

" 

** 

p'ct'r- 

3 

1? 

S"   " 

6 

28 



_ 

Fig.  45.    Wiring  of  an  Office  Building. 

Typical  Plan  of  Upper  Floors,  Showing  Circuit  Work,  Schedule,  etc.   All  the  Floors  above 

the  Second  are  Similar  to  One  Another  in  Plan.  Differing  Only  in  Comparativelv 

Unimportant  Details  of  Partitions. 
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Fig.  46.    Wiring  of  an  Ofllce  Building.     Diagram  of  the  Interconnection  System. 
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basement;  adjoining  this  main  box  is  located  the  terminal  box  of  the 
local  telephone  company.  A  separate  system  of  feeders  is  provided 
for  the  ticker  system,  as  these  conductors  require  somewhat  heavier 
insulation,  and  it  was  thought  inadvisable  to  place  them  in  the  same 
conduits  with  the  telephone  wires,  owing  to  the  higher  potential  of 
ticker  circuits.  A  separate  interconnection  cable  mns  to  each  floor, 
for  telephone  and  messenger  call  puiposes;  and  a  central  box  is  placed 
near  the  rising  point  at  each  floor,  from  w^iich  run  subsidiaiy  cables 
to  several  points  symmetrically  located  on  the  various  floors.  From 
these  subsidiaiy  boxes,  wires  can  be  nm  to  the  various  ofSces  requiring 
telephone  or  other  service.  Small  pipes  are  provided  to  ser^'e  as  race- 
w-ays  from  office  to  office,  so  as  to  avoid  cutting  partitions.  In  this 
way,  wires  can  be  quickly  provided  for  any  office  in  the  building  with- 
out damaging  the  building  in  any  way  whatever;  and,  as  provision  is 
made  for  a  special  wooden  moulding  near  the  ceiling  to  accommodate 
these  wires,  they  can  be  run  around  the  room  without  disfiguring  the 
walls.  All  the  main  cables  and  subsidiary  wires  are  connected  with 
special  interconnection  blocks  numbered  serially;  and  a  schedule  is 
provided  in  the  main  interconnection  box  in  the  basement,  which 
enables  any  wire  originating  thereat,  to  be  readily  and  conveniently 
traced  throughout  the  building.  All  the  main  cables  and  subsidiary 
cables  are  run  in  iron  conduits. 

OUTLET=BOXES,  CUT=OUT  PANELS,  AND 
OTHER  ACCESSORIES 

Outlet-Boxes.  Before  the  introduction  of  iron  conduits,  outlet- 
boxes  were  considered  unnecessary,  and  with  a  few^  exceptions  were 
not  used,  the  conduits  being  brought  to  the  outlet  and  cut  off  after  the 
walls  and  ceilings  were  plastered.  With  the  introduction  of  iron  con- 
duits, however,  the  necessity  for  outlet-boxes  was  realized;  and  the 
Rules  of  the  Fire  Undei-writers  were  modified  so  as  to  require  their  use. 
The  Rules  of  the  National  Electric  Code  now  require  outlet-boxes  to 
be  used  with  rigid  iron  and  flexible  steel  conduits,  and  w4th  armored 
cables.     A  portion  of  the  rule  requiring  their  use  is  as  follows : 

All  interior  conduits  and  armored  cables  "must  be  equipped  at  every 
outlet  with  an  approved  outlet -box  or  plate. 

"Outlet-plates  must  not  be  used  where  it  is  practicable  to  install  outlet- 
boxes. 
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"In  buildings  alroad}'  constructed,  where  the  conditions  are  such  tliat 
neither  outlet-box  nor  plate  can  be  installed,  these  appliances maj'  be  omitted 
by  special  permission  of  the  inspection  department  having  jurisdiction,  pro- 
viding the  conduit  ends  are  bushed  and  secured." 

Fig.  47  shows  a  tj-pical  form  of  outlet-box  for  bracket  or  ceiling 
outlets  of  the  universal  type.     When  it  is  desired  to  make  an  opening 

for  the  conduits,  a  blow  from  a  hammer 
will  remove  any  of  the  weakened  portion 
of  the  wall  of  the  outlet-box,  as  may  be  re- 
quired. This  form  of  outlet-box  is  fre- 
(|uently  referred  to  as  the  hiock-out  type. 
Other  forms  of  outlet-boxes  are  made  with 
the  openings  cast  in  the  box  at  the  re- 
quired points,  this  class  being  usually 
stronger  and  better  made  than  the  univer- 
sal type.  The  advantages  of  the  universal 
type  of  outlet-box  are  that  one  form  of  box  will  sen'e  for  any  ordinary 
conditions,  the  openings  being  made  according  to  the  number  of 
conduits  and  the  directions  in  which  they  enter  the  box. 

Fig.  48  shows  a  waterproof  form  of  outlet-box  used  out  of  doors, 
or  in  other  places  where  the  conditions  require  the  use  of  a  water- 
tight and  waterproof  outlet-box. 

It  will  be  seen  in  this  case,  that  the  box  is  threaded  for  the  con- 


Fip.  47.    Univer.sal  and 

•  KnocU-Out  Type  of 

Outlet  Box. 


T 


FiK.  I«.     \Vatfr-Tiy:lil  OutU't  Uox. 
Courtesy  of  II.  Krantr.  Maniif\ufiirini/  Co..  lirooklyn.  X.  1 . 

diiits,  and  that  the  cover  is  screwed  on  tightly  and  a  flange  ))r()vided 
for  a  rubber  gasket. 
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Figs.  49  and  50  show  water-tight  floor  boxes  which  are  for  outlets 
located  in  the  floor.  While  the  rules  do  not  require  that  the  floor  outlet- 
box  shall  be  water-tight,  it  is  strongly  recommended  that  a  water- 
tight outlet  be  used  in  all  cases  for  floor  connections.  In  this  case 
also,  the  conduit  opening  is  threaded,  as  well  as  the  stem  cover  through 
which  the  extension  is  made  in  the  conduit  to  the  desk  or  table.  When 
the  floor  outlet  connection  is  not  required,  the  stem  cover  may  be 
removed  and  a  flat,  blank  cover  be  used  to  replace  the  same. 

A  form  of  outlet-box  used  for  flexible  steel  cables  and  steel  ar- 
mored cable,. has  already  been  shown  (see  Fig.  5). 

There  is  hardly  any  limit  to  the  number  and  variety  of  makes  of 
outlet-boxes  on  the  market,  adapted  for  ordinar)'  and  for  special  con- 


Fig.  49. 


Types  of  Floor  Outlet-Boxes. 


Fiff.  50. 


ditions;  but  the  types  illustrated  in  these  pages  are  characteristic  and 
typical  forms. 

Bushings.  The  Rules  of  the  Nati&nal  Electric  Code  require  that 
conduits  entering  junction-boxes,  outlet-boxes,  or  cut-out  cabinets, 
shall  be  provided  with  approved  bushings,  fitted  to  protect  the  wire 
from  abrasion. 

Fig.  51  shows  a  typical  form  of  conduit  bushing.  This  bushing 
is  screwed  on  the  end  of  the  conduit  after  the  latter  has  been  intro- 
duced into  the  outlet-box,  cut-out  cabinet,  etc.,  thereby  forming  an 
insulated  orifice  to  protect  the  wire  at  the  point  where  it  leaves  the 
conduits,  and  to  prevent  abrasion,  grounds,  short  circuits,  etc.  A 
lock-nut  (Fig.  52)  is  screwed  on  the  threaded  end  of  the  conduit  before 
the  conduit  is  placed  in  the  outlet-box  or  cut-out  cabinet,  and  this 
lock-nut  and  bushing  clamp  the  conduit  securely  in  position.     Fig. 
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53  shows  a  terminal  hushing  for  panel-hoxes  used  for  flexi])le  steel 

conduit  or  armored  cahle. 

The  Rides  of  ihe  National  Electric  Code  lecjuire  that  the  metal 

of  conduits  shall  h.e  permanently  and  effectually  grounded,  so  as  to 

insure  a  positive 
connection  for 
grounds  or  leak- 
ing currents,  and 
in  order  to  pro- 
vide a  path  of 
least  resistance 
to  prevent  the 
current  from 
finding  a  path 
At  outlet-boxes,  the 


Kig.  51.    Conduit  Bushing. 


Fig.  52.    Lock-Nut. 


through  any  source  which  might  cause  a  fire 
conduits  and  gaspipes  must   be   fastened  in  such    a    manner  as    to 
insure  good   electrical   connection;  and    at  centers  of  distribution, 

the  conduits  should  be  joined  by  suitable  bond 
wires,  preferably  of  copper,  the  said  bond  wires 
being  connected  to  the  metal  structure  of  the 
building,  or,  in  case  of  a  building  not  having 
an  iron  or  steel  structure,  being  grounded  in  a 
permanent  manner  to  water  or  gas  piping. 
Fuse-Boxes,  Cut-Out  Panels,  etc.  From  the  very  outset,  the 
necessity  was  apparent  of  having  a  protective  device  in  circuit  with 
the  conductor  to  protect  it  from  overload,  short  circuits,  etc.  For 
this  purpose,  a  fusible 
metal  having  a  low 
melting  point  was  em- 
ployed. The  form  of 
this  fuse  has  varied 
greatly.  Fig.  54  shows 
a  characteristic  form 
of  what  is  known  as 
the  lirdi  fuse  with  copper  terminals,  on  which  are  stampe<l  the  ca- 
pacity of  the  fuse. 

The  form  of  fuse  used  probably  to  a  greater  extent  than  any  other, 
although  it  is  now  being  superseded  by  other  more  modern  forms, 
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Fig.  53.    Panel- Box  Terminal  Bushing. 
Courtesy  of  Sprague  Electric  Co.,  New  York,  y.  1 , 


266 


DETAIL  OF  RESIDENCE  AT  CLEVELAND,  OHIO 


ENCLOSED  OPEN-AIR  PORCH  IN  RESIDENCE  AT  CLEVELAND,  OHIO 

Frost  &  Granger,  Architects,  Chicago,  IlL 

For  Furihtr  ICxteriors,  See  Vol.  1.  Page  31 1 ;  for  Intevlor  Views,  See  Opposite  Page. 


DINING  ROOM  IN  RESIDENCE  AT  CLEVELAND,   OHIO 

Frost  &  Granger,  Architects,  Chicago,  111. 
Note  the  Absence  of  any  Hanging  Fixture.  Other  Details  of  Same  House  .Shown  on  Opposite  Page. 


ELECTRIX:  WIRING 


G7 


is  that  known  as  the  Edison  fuse-plug,  shown  in  Fig.  55.     A  porcelain 
cut-out  block  used  with  the  Edison  fuse  is  shown  in  Fig.  56. 

Within  the  last  four  or  five  years,  a  new  form  of  fuse,  known  as 
the  enclosed  fuse,  has  been  introduced  and  used  to  a   considerable 


Fig.  54.    Copper-Tipped  Fuse  Link. 


Fig.  55.     Edison  Fuse-Plug, 

Courtesy  of  General  Elect  ricCo., Schenectady.  X.Y. 


extent.  A  fuse  of  this  type  is  shown  in  Fig.  57.  Fig.  58  .gives  a  sec- 
tional view  of  this  fuse,  showing  the  porous  filling  surrounding  the 
fuse-strips,  and  also  the  device  for  indicating  when  the  fuse  has 
blown.     This  form  of  fuse  is  made  with  various  kinds  of  terminals; 

it  can  be  used  with  spring  clips  in  small 
sizes,  and  with  a  post  screw  contact  in 
larger  sizes.  For  ordinary  low  potentials 
this  fuse  is  desirable  for  currents  up  to 
25  amperes;  but  it  is  a  debatable  ques- 
tion whether  it  is  desirable  to  use  an  en- 
closed fuse  for  heavier  currents.  Fig.  59 
shows  a  cut-out  box  with  Edison  plug 
fuse-blocks  used  with  knob  and  tube  wiring.  It  will  be  seen  that 
there  is  no  connection  compartment  in  this  fuse-box,  as  the  circuits 
enter  directly  opposite  the  terminals  with  which  they  connect. 

Fig.  60  shows  a  cut-out  panel  adapted  for  enclosed  fuses,  and 
installed  in  a  cab- 


Fig.  56.  Poi'celaiu  Cut-Out  Block 

Courtesy  ofOeneral  Elect  ricCo., 

Schenectady,  N.  Y. 
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Fig.  57.     Enclosed  or  ■•Cartridge"  Fuse. 


inet  having  a  con- 
nection compart- 
ment. As  will  be 
seen  from  the  cut, 
the  tablet  itself  is 
surrounded  on  the 
four  sides  by  slate, 
which  is  secured  in  the  corners  by  angle-irons.  The  outer  box  may 
be  of  wood  lined  with  sheet  iron,  or  it  may  be  of  iron.  Fig.  61 
shows  a  door  and  trim  for  a  cabinet  of  this  type.    It  will  be  seen  that 


Fig.  .58.    Section  of  Enclosed  P^use. 
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the  door  opens  only  on  the  center  panel,  and  that  the  trim  covers  and 
conceals  the  connection  compartment.  The  inner  side  of  the  door 
shonld  be  lined  with  slate,  and  the  inner  side  of  the  trim  should  be 
lined  with  sheet  iron.  Fig.  62  shows  a  sectional  view  of  the  cabinet 
and  ])anel.     In  this  type  of  cabinet,  the  conduits  may  enter  at  any 

point,  the  wires  being 
nin  to  the  proper  con- 
nectors in  the  connection 
compartment. 

Figs.  63  and  64  illus- 
trate a  type  of  panel- 
board  and  cabinet  hav- 
ing a  push-button  switch 
connected  with  each 
branch  circuit  and  so 
arranged  that  the  cut- 
out panel  itself  may  be 
enclosed  bv  locked  doors, 
and  access  to  the  switches 
may  be  obtained  through 
two  separate  doors  pro- 
vided with  latches  only. 
This  type  of  panel  was  arranged  and  designetl  by  the  author  of  this 
instruction  paper. 

OVERHEAD  LINEWORK 

The  advantages  of  overhead  linework  as  compared  with  under- 
ground linework  are  that  it  is  much  less  expensive;  it  is  more  readily 
and  more  quickly  installed ;  and  it  can  be  more  readily  inspectetl  and 
repairetl. 

Its  principal  disadvantages  are  that  it  is  not  so  permanent  as 
underground  linework;  it  is  more  easily  deranged;  and  it  is  more 
unsightly. 

For  large  cities,  and  in  congested  districts,  overhead  linework 
should  not  be  used.  However,  the  question  of  first  cost,  the  question 
of  permanence,  and  the  municipal  regulations,  are  usually  the  factors 
which  determine  whether  overhead  or  underground  linework  shall 
be  used. 


L  ly.  i'J.    I'orcelain  Cut-Oui.s  in  Woodtu  Box. 
Courtesy  of  J/.  T.  Paiste  Co..  Philadelphia,  Pa. 
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Tlie  principal  factors  to  be  considered  in  overheatl  linework  will 
be  briefly  ontlined. 

Placing  of  Poles.  As  a  general  rule,  the  poles  should  be  set  from 
100  to  125  feet  apart,  which  is  equivalent  to  53  to  42  poles  per  mile. 
Under  certain  conditions,  these"spacings  given  will  have  to  be  modified ; 
but  if  the  poles  are  spaced  too  far  apart,  there  is  danger  of  too  great 
a  strain  on  the  poles  themselves,  and  on  the  cross-arms,  pins,  and 
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Fig.  60.      Plan  View.  Cover,  and 
Section  of  Double  CutOut  Box. 


Fig.  61. 


''<^//Z&//Z^Zv//////, 

Fig.  62. 


conductors.  If,  on  the  other  hand, 
they  are  placed  too  close  together, 
the  cost  is  unnecessarily  increased. 
The  size  and  number  of  conduct- 
ors, and  the  potential  of  the  line- 
work,  determine  to  a  great  extent 

the  distance  between  the  poles;  the  smaller  the  size,  the  less  the  num- 
ber of  conductors;  and  the  lower  the  potential,  the  greater  the  distance 
between  the  poles  may  be  made.  Of  course,  the  exact  location  of 
the  poles  is  subject  to  variation  because  of  trees,  buildings,  or  other 
obstructions.  The  usual  method  employed  in  locating  poles,  is  first 
to  make  a  map  on  a  fairly  large  scale,  showing  the  course  of  the  line- 
work,  and  then  to  locate  the  poles  on  the  ground  according  tc  the  actual 
conditions. 
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Poles.  Poles  should  be  of  selected  quality  of  chestnut  or  cedar, 
and  should  be  sound  and  free  from  cracks,  knots,  or  other  flaws. 
Experience  has  proven  that  chestnut  and  cedar  poles  are  tlie  most 
durable  and  best  fitted  for  linework.  If  neither  chestnut  nor  cedar 
poles  can  be  obtained,  northern  pine  may  be  used,  and  even  other 
timber  in  localities  where  these  poles  cannot  be  obtained;  but  it  is 
found  that  the  other  woods  do  not  last  so  long  as  those  mentioned. 


Fig.  63.    Cut-Out  Panel  with  Push-Button  Switches.    Cover  Removed. 

and  some  of  the  other  woods  are  not  only  less  strong  initially,  but  are 
apt  to  rot  much  (juicker  at  the  "wind  and  water  line" — that  is,  ju.st 
above  and  below  the  surface  of  the  ground. 

The  proper  height  of  pole  to  be  used  depends  upon  conditions. 
In  country  and  suburban  districts,  a  pole  of  25  to  30  feet  is  usually 
of  sufficient  height,  unless  there  are  more  than  two  or  three  cross-arms 
recjuired.  In  more  densely  populated  districts  and  in  cities  where  a 
great  number  of  cross-arms  are  required,  the  poles  may  have  to  be 
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40  to  60  feet,  or  even  longer.  Of  course,  the  longer  the  pole,  the 
greater  the  possibility  of  its  breaking  or  bending;  and  as  the  length 
increases,  the  diameter  of  the  butt  end  of  pole  should  also  increase. 
Table  X  gives  the  average  diameters  required  for  various  heights  of 
poles,  and  the  depth  the  poles  should  be  placed  in  the  ground.  These 
data  have  been  compiled  from  a  number  of  standard  specifications. 

TABLE  X 

Pole  Data 


Depth  Pole  should 

Lkngth  of  Poi k 

DiAMETKR  6  In. 

Diameter  at 

Top 

BE  Placed  in 

FROM  Butt 

Ground 

25  feet 

9  to  10  in. 

6  to  S  in. 

5  feet 

30  " 

11  '■ 

5i  " 

35  ■' 

12  " 

5i  " 

40  " 

13  " 

6   " 

45  " 

14  " 

6i  " 

50  " 

15  '• 

e 

7   " 

55  " 

16  to  17  " 

7J  " 

60  " 

18  " 

1\    " 

65  " 

19  " 

8  " 

70  " 

20  " 

8   " 

75  " 

21  " 

8h    " 

80  " 

22  " 

9   •' 

As  it  is  somewhat  difficult,  because  of  irregularities  in  size,  to  measure  the  diame- 
ter of  some  poles,  the  circumference  may  be  measured  instead;  then,  by  multiplying 
the  diameters  given  in  the  above  table,  by  3,1416,  the  measurements  may  be  reduced 
to  the  circumference  in  inches. 

The  minimum  diameters  of  the  pole  at  the  top,  which  should  be 
allowed,  will  depend  largely  on  the  size  of  the  conductors  used,  and 
on  the  potential  carried  by  the  circuits;  the  larger  the  conductors 
and  the  higher  the  potentials,  the  greater  should  be  the  diameter  at 
the  top  of  the  pole. 

Poles  should  be  shaved,  housed,  and  gained,  also  cleaned  and 
ready  for  painting,  before  erection. 

Poles  should  usually  be  painted,  not  only  for  the  sake  of  appear- 
ance, but  also  in  order  to  preserve  them  from  the  weather.  It  is  par- 
ticularly important  that  they  should  be  protected  at  their  butt  end,  not 
only  where  they  are  surrounded  by  the  ground,  but  for  a  foot  or  two 
above  the  ground,  as  it  is  at  this  point  that  poles  usually  deteriorate 
most  rapidly.  Painting  is  not  so  satisfactory  at  this  point  as  the  use 
of  tar,  pitch,  or  creosote.  The  life  of  the  pole  can  be  increased  con- 
siderably by  treating  it  with  one  or  another  of  these  preservatives. 
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Before  any  poles  are  erectetl,  they  should  be  closely  inspected  for 
flaws  and  for  crookedness  or  too  great  departure  from  a  straight  line. 
Where  appearance  is  of  considerable  importance,  octagonal  poles 
may  be  used,  although  these  cost  considerably  more  tlmn  round  poles. 
Gains  or  notches  for  the  cross-arms  should  be  cut  in  the  poles  before 
they  are  erected,  and  should  be  cut  square  with  the  axis  of  the  pole, 
and  so  that  the  cross-arms  will  fit  snugly  and  tightly  within  the  space 
thus  provided.     These  gains  should  be  not  less  than  4.V  inches  wide, 


Fig.  6J.    Cut-Out  Panel  with  Push-Button  Switches.    With  Cover. 

nor  less  than  v  inch  deep.  Gains  should  not  be  placed  closer  than  24 
inches  between  centers,  and  the  top  gains  should  be  at  least  9  inches 
from  the  apex  of  the  pole. 


272 


ELECTRIC   BELL  WIRING. 


In  wiring  for  electric  bells  to  be  operated  by  battel ies,  the 
danger  of  causing  fires  from  short  circuits  or  poor  contacts  does 
not  exist  as  in  the  case  of  wiring  for  light  and  power,  because  the 
current  strength  is  so  small.  Neither  is  the  bell-fitter  responsible 
to  city  inspectors  or  fire  underwriters.  On  this  account,  bell 
fitting  is  too  often  done  in  a  carefess  and  slovenly  manner,  caus- 
ing the  apparatus  to  give  unsatisfactory  results  and  to  require 
frequent  repairs,  so  that  the  expense  and  inconvenience  in  the  end 
far  more  than  offset  any  time  saved  by  doing  an  inferior  grade  of 
work.  Hence,  at  the  outset  it  is  well  to  state  that  as  much  care 
should  be  taken  in  the  matter  of  joints  and  insulation  of  bell 
wiring  as  in  wiring  for  light  or  power. 

If  properly  installed,  the  electric  bell  forms  a  reliable  and  yet 
inexpensive  means  of  signaling,  and  is  far  superior  to  any  other. 
On  this  account  practically  every  new  building  is  fitted  through- 
out with  electric  bells. 

In  addition  to  the  necessity  of  thoroughness  already  men- 
tioned, care  should  be  taken  to  use  only  reliable  apparatus  which 
must  be  installed  in  accordance  with  the  fundamental  principles 
on  which  its  satisfactory  operation  depends. 

WIRE. 

The  common  sizes  of  wire  in  use  for  bell  work  are  Nos. 
18;  20,  and  22.  In  general,  however,  No.  20  will  be  found  satis- 
factory as  it  is  usually  sufiiciently  large,  while  in  many  cases  Ko. 
22  is  not  strong  enough  from  a  mechanical  standpoint. 

It  is  important  that  the  wires  should  be  well  insulated  to  pre- 


Fig.  1. 

vent  accidental  contacts  with  the  staples  or  other  wires.  First  of 
all  the  wire  should  be  tinned,  as  this  prevents  the  copper  from 
being  acted  upon  by  the  sulphur  in  the  insulation.  It  also  facil- 
itates soldering.     The  inner  coating  of  insulation   should   be  of 
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iiidia  rubber,  surrounded  by  several  longitudinal  strands  of  cotton, 
outside  of  wliic'li  are  wound  several  strands  of  colored  cotton  laid 
on  spirally.  This. is  next  immersed  in  melted  paraffin  wax  and 
polished  by  friction.  A  short  length  of  approved  electric  bell  wire 
is  shown  in  Fig;.  1. 

When  ordering  wire,  it  is  well  to  have  it  furnished  in  several 
different  colors  as  this  greatly  facilitates  both  the  original  instal- 
lation and  later  repairs,  because  in  this  way  one  line  may  be  dis- 
tinguished from  another,  taps  from  main  lines,  etc.  Moreover,  a 
faulty  wire  having  been  found,  it  is  possible  to  identify  it  at  any 
desired  section  of  its  length, 

METHODS  OF  WIRING. 

In  running  wires,  the  shortest  and  most  direct  route  should, 
of  course,  be  taken  between  the  battery,  bells,  and  bell  ])uslies. 
There  are  two  cases  to  be  considered.  The  better  method  is  that 
in  which  the  wires  are  run  before  the  building  is  completed,  and 
the  wiring  should  be  done  as  soon  as  the  roof  is  on  and  the  walls 
are  up.  In  this  case  the  wires  are  usually  run  in  zinc  tubes 
secured  to  the  walls  w'th  nails 


f\ 


1 


Fig.  2. 


The  tubes  should  be  from  |  inch 
to  ^  inch  in  diameter,  preferably 
the  latter.  It  is  better  to  place 
the  wires  and  tubes  simultane- 
ously, but  the  tubes  may  be  put 
in  place  first  and  the  wires  drawn 
in  afterward,  although  this  latter 
plan  has  the  objection  that  the  insulation  is  liable  to-  become 
abraded  when  the  wires  are  drawn  in.  In  joining  up  two  lengths 
of  tube,  the  end  of  one  piece  should  be  opened  up  with  the  pliers 
80  that  it  may  receive  the  end  of  the  other  tube,  which  should  also 
be  opened  up,  but  to  a  less  extent,  to  prevent  wear  upon  the 
insulation.  Specially  prepared  paper  tubes  are  sometimes  substi- 
tuted for  the  zinc. 

If  the  building  is  completed  before  the  wiring  is  done,  the 
concealed  method  described  above  cannot  be  used,  and  it  is  neces- 
sary to  run  the  wires  along  the  walls  supported  by  staples,  where 
they  will  be  least  "conspicuous.  Fig.  2  shows  ordinary  double- 
pointed    tacks,  Fig.  3  shows  an  insulating    saddle  staple  which 
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Fig.  3. 


is  to  be  recommended.  Two  wires  should  never  be  secured  under 
the  same  staple  if  it  can  possibly  be  avoided,  owing'  to  the  danger 
of  short  circuits.  AVith  a  little 
care  it  is  usually  possible  to  con- 
ceal the  wiring  behind  the  picture 
moulding,  along;  the  skirting-board, 
and  beside  the  door  posts,  but  where 
it  is  impossible  to  conceal  it,  a  light 
ornamental  casing  to  match  the 
finish  of  the  room,  may  be  used. 
It  is  sometimes  advisable   to  use 

twin  wires  or  two  insulated  wires  run  in  the  same  outer  covering. 
In  some  cases  it  is  well  to  run   the  wires  under  the  floors, 
laying  them  in  notches  in  the  tops  of  the  joists  or  in  holes  bored 
about  two  inches  below  the  tops  of  the  Joists. 

JOINTS. 

When  makincr  a  joint,  care  should  be  taken  to  have  a  firm, 
clean  connection,  both  mechanically  and  electrically,  and  this  must 
always  be  soldered  to  prevent  corrosion.  The  insulation  should 
be  stripped  off  the  ends  of  the  wires  to  be  joined,  for  a  distance  of 
about  2  inches,  and  the  wires  made  bright  by  scraping  or  sandpa- 


^^^ 


Fig.  4. 

pering.     They  should  then  be  twisted  tightly  and  evenly  together 
as  shown  in  Fig.  4. 

Next  comes  the  operation  of  soldering,  which  is  absolutely 
necessary  if  a  permanent  joint  from  an  electrical  standpoint  is  to 
be  obtained.  A  joint  made  without  solder  may  be  electrically 
sound  at  first,  but  its  resistance  rapidly  increases,  due  to  deteri- 
oration of  the  joint.  As  has  already  been  stated,  the  wires  should 
be  made  bright  and  clean  before  they  are  twisted  together. 
Soldering  fluids  phould  never  be  used,  because  they  cause  corrosion 
of  the  wire.  The  best  flux  to  use  is  resin  or  composite  candle. 
The  soldering  should  always  be  done  with  a  copper  bit  rather  than 
with  a  blowpipe  or  wireman's  torch. 
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A  convenient  form  of  soldering  tool  consists  of  a  small  copper 
bit  having  a  semicircular  notch  near  the  end.  This  bit  should,  of 
course,  be  well  tinned.  It  is  then  heated  over  a  spirit  lamp,  or 
wireman's  torch,  and  the  notch  filled  M'ith  soft  solder.  Lay  the 
joint,  which  has  previously  been  treated  with  the  flux,  in  this 
notch  and  turn  it  so  that  the  solder  runs  conn)letely  around  amoncr 
the  spirals  of  the  joint.  The  loose  solder  should  be  shaken  off  or 
removed  with  a  bit  of  rag.  When  the  joint  is  set,  it  should  be 
insulated  with  .rubber  tape,  so  that  it  will  be  protected  as  perfectly 
as  the  other  portions. 

It  is  often  possible  to  save  a  considerable  length  of  wire  and 
amount  of  labor  by  using  a  ground  return,  which,  if  properly 
arranged,  will  give  very  satisfactory  results,  although  a  complete 
metallic  circuit  is  always  to  be  preferred.     Where  water  or  gas 

mains  are  available,  a  good  ground  may  be  ob- 
tained by  connecting  to  them,  being  sure  to 
have  a  good  connection.  This  niay  be  se- 
cured by  scraping  a  portion  of  the  pi])e 
perfectly  bright  and  clean  and  then  winding 
this  with  bare  wire;  the  whole  is  then  Mell 
soldered.  An  end  should  be  left  to  which 
the  wire  from  the  bell  circuit  is  twisted  and 
soldered.  If  such  mains  are  not  available, 
a  good  ground  can  be  obtained  by  connecting 
the  wire  from  the  bell,  circuit,  as  described 
above,  to  a  puuip  pipe.  In  the  absence  of 
water  and  gas  mains,  and  of  a  pump  pipe, 
a  ground  may  be  obtained  by  burying  beneath 
permanent  moisture  level  a  sheet  of  copper 
or  lead,  having  at  least  five  square  feet  of  surface,  to  which  the 
return  wire  is  connected.  The  ground  plate  should  be  covered 
with  coke  nearly  to  the  surface;  the  hole  should  then  be  filled  in 
with  ordinary  soil  well  rammed. 

OUTFIT. 

The  three  essential  parts  of  the  electric  beli  outfit  are  the  bell 
push,  which  furnishes  a  means  of  opening  and  closing  the  circuit 
at  will,  the  battery,  which  furnishes  the  current  for  operating  the 
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bell,  and  the  boll  itself.  Before  discussing  the  combination  of 
these  pieces  of  apparatus  in  the  complete  circuit,  let  us  take  up 
the  individual  parts  in  order, 

A  bell  push  is  shown  diaprrammatically  in  Fig.  5.  Tn  this 
illustration  P  is  the  push  button;  when 
this  is  pressed  upon  it  brings  the  point 
of  the  spring  S  in  contact  with  the  metal 
strip  R,  thus  closing  the  circuit  with  which 
it  is  connected  in  series.  Normally  the 
springs  are  separated  as  shown,  and  the 
circuit  is  accordingly  open. 

Bell  pushes  are  made  in  various  de- 
signs and  styles,  from  the  simple  wooden 

push  shown  in  Fig.  6  to  very  elaborate  and  expensive  articles. 
Fig.  7  shows  four  cast  bronze  pushes  of  neat  appearance  and  mod- 
erate price. 

Batteries.     Electric  bells  are  nearly  always  operated  on  the 
open  circuit  _plan,  and  hence  the  battery  used  is  generally  of  the 


Fig.  6. 


Fig.  7. 


ipen  circuit  type,  such  as  the  Leclanche  cell,  which  is  used  very 
largely  except  for  heavy  w^ork.  This  is  a  zinc-carbon  cell  in  which 
the  excitant  is  sal-ammoniac  dissolved  in  water.  Polarization  is 
prevented  by  peroxide  of  manganese,  which  gives  up  part  of  its 
oxygen,  combining  with  the  hydrogen  set  free  and  forming  water. 


277 


ELECTRIC  BELL  WIRING 


Dry  Batteries  are  also  frequently  used  for  bell  work,  their 
principal  advantage  being  cleanliness,  as  they  cannot  spill.  Dry 
cells  are  really  a  modification  of  the  Leclanche  type,  as  they  use 
zinc  and  carbon  plates  and  sal-amuioniac  as  the  exciting  agent. 
The  Burnley  cell,  which  is  one  of  the  principal  types  of  dry  cell, 
has  an  electrolyte  composed  of  sal-ammoniac,  chloride  of  zinc, 
plaster,  fiour,  and  water.  This  compound  when  mixed  is  a  semi- 
liquid  mass  which  quickly  stiffens  after  being  poured  into  the  cup. 
The  depolarizing  agent  is  peroxide  of  manganese,  the  same  as  is 
used  in  the  Leclanche  cell,  this  being  packed  around  the  carbon 

cylinder.  The  top  of  the  cell  is  sealed 
with  bitumen  or  some  similar  substance. 
For  very  heavy  work  the  Edison - 
Lalande  and  the  Fuller  types  of  cell  are 
best  suited,  w^hile  for  closed  circuit  work 
the  gravity  cell  is  most  satisfactory. 

Bell.  It  is  a  well-known  fact  that 
if  a  current  of  electricity  flows  through 
a  coil  of  wire  wound  on  an  iron  core, 
the  core  becomes  magnetized  and  is  ca- 
pable  of  attracting  any  magnetic  sub- 
stances to  itself.  The  operation  of  the 
electric  bell,  like  that  of  so  many  other 
pieces  of  electrical  apparatus,  depends 
upon  this  fact.  A  diagrammatic  repre- 
sentation  of  an  electric  bell  is  shown  in 
Fig.  8,  in  which  M  is  an  electromagnet 
composed  of  soft-iron  cores  on  which  are  wound  coils  of  insulated 
wire.  The  armature  is  mounted  upon  a  spring  K,  and  carries  a  ham- 
mer H  at  its  end  for  striking  the  gong.  On  the  back  of  the  armature 
is  a  spring  which  makes  contact  at  U  with  the  back  stop  T.  The 
action  of  the  bell  is  as  follows:  When  the  circuit  is  closed  through 
the  bell  a  current  flows  from  terminal  1,  around  the  coils  of  the 
magnet,  through  the  spring  K  and  contact  point  D,  through  thb 
back  stop  T,  to  terminal  2.  In  flowing  around  the  electromagnet  the 
current  magnetizes  its  core,  which  consequently  attracts  the  arma- 
ture. This  causes  the  hammer  II  to  strike  the  gong.  While  in 
this  position  the  contact  at  D  is  broken,  the  current  ceases  to  flow 


Fig.  8. 
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around  the  electromagnet  and  the  cores  consequently  lose  their 
attractive  force.  The  armature  is  then  carried  back  to  its  original 
position  by  the  spring  Iv,  making  contact  at  D,  and  the  process  is 
repeated.     The  hammer  will  thus  vibrate  and  the  bell  continue  to 


ring  as  long  as  the  circuit  is  closed. 


The  type  of  bell  described  above  i ,'  fhe  one  most  commonly 
used.  Such  bells  are  made  in  a  great  variety  of  shapes  and  styles, 
the  prices  varying  accordingly.  It  is  important  that  platinum 
tips  be  furnished  at  the  contact  point  D,  Fig.  .S,  to  prevent  cor- 


Fig.  9,  Fig.  10. 

rosion.  The  bells  on  the  market  today  are  of  two  classes,  the  iron 
box  bell  and  the  wooden  box  bell.  A  bell  of  the  wooden  box  type  is 
shown  in  Fig.  9,  and  a  higher  grade  bell  of  the  iron  frame  skeleton 
type  is  shown  in  Fig.  10.  Bells  without  covers  should  never  be  used, 
as  dust  will  settle  on  the  contacts  and  interfere  with  their  action. 

CIRCUITS. 

The  possible  combinations  of  the  various  parts  into  complete 
circuits  are  so  varied  that  it  would  be  impossible  to  describe  their 


870 


ELECTRIC  BELL  WIRING 


all;  ill  fact,  alincst  every  one  is  to  a  certain  extent  a  special 
problem.  It  is,  however,  possible  to  give  typical  circuits  the 
underlying  principles  of  which  can  be  applied  successfully  to  any 
particular  case. 

Fig.  11  shows  a  bell  circuit  in  its  simplest  form,  in  which  P 
represents  the  push,  B  the  bell,  and  C  the  battery;  all  connected 
in  series.  The  circuit  is  normally  open  at  P,  and  hence  no  cur- 
rent flows  to  exhaust  the  batteries. 
When  P  is  pressed,  the  circuit, 
otherwise  complete,  is  closed  and 
current  passes  through  the  bell 
causing  it  to  ring,  as  already  ex- 
plained. For  instance,  the  push 
micrht  be  located  beside  the  front 
door,  the  bell  in  the  kitchen  and  the 
battery  in  the  cellar;  the  location  depending  on  the  results  desired 
and  conditions  to  be  met.  The  wire  between  P  and  C  may,  if 
necessary,  be  dispensed  with  and  connection  made  to  ground  at  G 
and  G,  as  shown  by  the  dotted  lines,  ' 

Fig.  12  shows  an  arrangement  by  means  of  which  one  bell  B 
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i^ig.  12.  Fig.  13. 

may  be  controlled  by  either  of  the  pushes  P  or  P'.     This  system 
may  be  extended  to  any  number  of  pushes  similarly  connected. 

A  method  for  ringing  two  bells  simultaneously  from  one  push 
is  shown  in  Fig.  13,  where  both  bells  "B  and  B'  will  ring  from  push 
P.  Bells,  if  connected  in  this  manner,  should  have  as  nearly  as 
possible  the  same  resistance,  otljerwise  the  bell  of  lower  resistance 
will  take  so  much  current  that  there  will  not  be.  a  sufficient  amount 
left  for  the  other.  Also,  the  batteries  must  be  of  greater  current 
capacity  as  tlie  amount  of  current  taken  is,  of  course,  doubled.  This 
system  can  be  extended  to  any  number  of  bells  connected  in  this 
way,  up  to  the  limit  of  capacity  of  the  battery  to  ring  them.     Figs. 
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12  and    13  may  be   combined   so  that  two  or   more  bells  may  be 
rung  from  any  one  of  two  or  more  pushes. 

In  Fig.  11  is  shown  a  scheme  for  ringing  either  bell,  B  or  B', 
from  one  push  and  one   battery  by  means  of  the  two-point  switch 


U 


U 


—.c 


m 


1b' 


Fivr.   14. 


S.     AYhen  the  arm  of  the  switch   is  on  contact   1,  the  push  will 
rincT  bell  B,  aiid  when  on  contact  2  it  will  rincr  bell  B'. 

In  Fig.  15  is  shown  a  method  of  connecting  bells  in  series  so 
that  B  and  B'  may  be  rung  from  P.  If  all  the  bells  so  connected 
were  of  the  vibrating  type,  they  would  not  work  satisfactorily,  as 
it  would  be  impossible  to  time  them  so'  that  the  vil)rations  would 
keep  step,  hence  only  one  bell  should 
be  of  the  vibrating  type,  and  the  others 
should  have  the  circuit  breakers  short- 
circuited,  the  vibrating  bell  serving  as 
interrupter  for  the  whole  series.  Obvi- 
ously this  system  requires  a  higher  volt- 
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age  than  parallel  connection,  and  the 
cells  must  be  of  sufficient  E.M.F.  to 
ring  the  bells  satisfactorily.  Several 
bells  may  be  connected  in  this  way,  if 
desired,  up  to  the  limic  of  voltage  of  the 
battery.  Fig.  16. 

Oftentimes  a  bell  is  to  be  rung  from  several  different  places. 
For  instance,  the  bell  in  an  elevator  may  be  rung  from  any  one  of 
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several  floors,  or  the  bell  in  the  office  of  a  hotel  may  be  rung  from 
any  one  of  several  different  rooms.  In  this  case  it  is  necessary  to 
have  some  device  to  indicate  from  which  push  the  bell  was  rung. 
The  annunciator  furnishes  this  information  very  well.  A  three- 
station  annunciator  is  shown  in  Fig.  10.  Tlie  connections  for  an 
annunciator  are  shown  in  Fig.  17  where  A.  represents  the  anun 
ciator,  B  the  bell,  C  the  battery,  and  P',  P^,  and  P^  the  ])ushes. 
For  instance,  when  P'  is  pressed,  the  current  passes  througli  the 
electromagnet  controlling  point  1  on  the  annunciator  which  causes 
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Fig.  17. 

the  arrow  to  be  turned  and  at  the  same  time  tlie  bell  rings.  After 
the  attendant  has  noted  the  signal,  the  arrow  is  restored  to  its 
normal  position  by  pressing  a  lever  on  the  bottom  of  tlie  annun- 
ciator box. 

The  electric  burglar  alarm  furnishes  a  very  efficient  protec- 
tion and  is  an  application  of  the  principles  already  described.  The 
circuit,  instead  of  being  completed  by  a  push,  is  completed  ])y 
contacts  placed  on  the  doors  or  windows  so  that  the  opening  of 
either  will  cause  the  bell  to  ring.  The  same  device  may  be  used 
on  money-drawers,  safes,  etc. 

In  the  case  of  the  electric  fire  alarm,  the  signal  may  be  given 
either  automatically  when  the  temperature  reaches  a  certain  degree, 
or  pushes  may  be  placed  in  convenient  locations  to  be  operated 
manually.  The  pushes  should  be  protected  by  glass  so  that  they 
will  not  be  tampered  with,  it  being  necessary  to  break  the  glass 
to  give  tlie  alarm. 
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LIVING   ROOM  IN   RESIDENCE  OF  J.   R.  CRAVATH,   CHICAGO,  ILL. 
A  good  Arrangement  for  Reading  and  General  Lighting  in  a  Small  Room. 


ELECTRIC  LIGHTING. 


HISTORY  AND  DEVELOPMENT. 

The  history  of  electric  lighting  as  a  commercial  proposition 
begins  with  the  invention  of  the  Gramme  dynamo  (by  Z.  J- 
Gramme)  in  1<S70,  together  with  the  introduction  of  the  Jab- 
loehkoff  candle  or  light,  which  was  first  announced  to  the  public 
in  1S70,  and  which  formed  a  feature  of  the  International  Expo 
sition  at  Paris  in  1878.  Up  to  this  time,  the  electric  light  was 
known  to  but  few  investigators,  one  of  the  earliest  beinor  Sir  Hum- 
phrey'Davy  who,  in  1810,  produced  the  first  arc  of  any  great 
magnitude-.  It  was  then  called  the  "voltaic  arc",  and  resulted 
from  the  use  of  two  wood  charcoal  pencils  as  electrodes  and  a 
powerful  battery  of  voltaic  cells  as  a  source  of  current. 

From  1840  to  1859,  many  patents  were  taken  out  on  arc 
lamps,  most  of  them  operated  by  clockwork,  but  these  were  not 
successful,  due  chiefly  to  the  lack  of  a  suitable  source  of  current, 
since  all  depended  on  primary  cells  for  their  power.  The  interest 
in  this  form  of  light  died  down  about  1859,  and  nothing  further 
was  attempted  until  the  advent  of  the  Gramme  dynamo. 

The  incandescent  lamp  was  but  a  piece  of  laboratory  appa- 
ratus up  to  1878,  at  which  time  Edison  produced  a  lamp  using  a 
platinum  spiral  in  a  vacuum,  as  a  source  of  light,  the  platinum 
being  rendered  incandescent  by  the  passage  of  an  electric  current 
through  it.  The  first  successful  carbon  filament  was  made  in  1879, 
this  filament  being  formed  from  strips  of  bamboo.  The  names 
of  Edison  and  Swan  are  intimately  connected  with  these  early 
experiments.  * 

From  this  time  on,  the  development  of  electric  lighting  has 
been  very  rapid,  and  the  consumption  of  incandescent  lamps  alone 
has  reached  several  millions  each  year.  When  we  compare  the 
small  amount  of  lighting  done  by  means  of  electricity  twenty-five 
years  ago  with  ihe  enormous  extent  of  lighting  systems  and  the 
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numerous  applications  of  electric  illumination  as  they  are  toda;^. 
the  growth  and  development  of  the  art  is  seen  to  be  very  great, 
and  the  value  of  a  study  of  this  subject  may  be  readily  appreciated. 
While  in  many  cases  electricity  is  not  the  cheapest  source  of 
power  for  illumination,  its  admirable  qualities  and  convenience 
of  operation  make  it  by  far  the  most  desirable, 

Ctassification.  The  subject  of  Electric  Lighting  may  oe  claa- 
siiied  as  follows: 

1.  The  typo  of  lamps  used. 

2.  The  methods  of  distributing  power  to  the  lamps. 

3.  The  use  made  of  the  light,  or  its  application. 

4.  Photometry  and  lamp  testing. 

Taking  up  these  branches  in  the  order  named,  we  may  further 
subdivide  the  types  of  lamps  used  into: 

1.  Incandescent  lamps. 

2.  Arc  lamps. 

3.  Special  lamps,  or  lamps  which  do  not  require  carbon,  such  as  the 
Nernst  lamp,  Cooper-Hewitt  lamp,  etc. 

The  Incandescent  Lamp.  The  incandescent  lamp  is  by  far  the 
most  common  type  of  lamp  used,  and  the  principle  of  its  operation 
is  as  follows: 

If  a  current  I  is  sent  through  a  conductor  whose  resistance  is 
R,  for  a  time  t^  the  conductor  is  heated,  and  the  amount  of  heat 
generated  is: 

Heat  generated  =  PR  ^,  PR  t  representing  joules  or  watt- 
seconds. 

If  the  current,  material,  and  conditions  are  so  chosen  that 
the  substance  may  be  heated  in  this  way  until  it  gives  out  light, 
becomes  incandescent,  and  does  not  deteriorate  too  rapidly,  we 
have  an  incandescent  lamp.  Carbon  is  the  substance  chosen  for 
this  conductor  and  for  ordinary  lamps  it  is  formed  into  a  small 
thread  or  filament.     Carbon  is  selected  for  two  reasons: 

1.  The  material  must  be  capable  of  standing  a  very  high 
temperature,  1280  to  1330^  C. 

2.  It  must  be  a  conductor  of  electricity  with  a  fairly  high 
resistance. 

Platinum  has  been  used  for  the  material,  but,  as  we  shall  see, 
5t8  temperature  cannot  be  maintained  at  a  value  high  enough  to 
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make  the  lamp  as  efficient  as  when  carbon  is  used.  Nearly  all  at- 
temiits  to  substitute  another  substance  in  place  of  carbon  have 
failed,  and  the  few  lamps  which  are  partially  successful  will  be 
treated  under  the  head  of  special  lamps.  The  nature  of  the  car- 
bon employed  in  incandescent  lamps  has,  however,  been  much  im- 
proved over  the  first  forms,  and  the  method  of  manufacture  will 
be  treated  next. 

MANUFACTURE  OF  INCANDESCENT  LAMPS. 

Preparation  of  the  Filament.  Cellulose,  a  chemical  com- 
pound rich  in  carbon,  is  prepared  by  treating  absorbent  cotton 
with  zinc  chloride  in  proper  proportions  to  form  a  uniform,  gela- 
tine-like mass.  It  is  customary  to  stir  this  under  a  partial  vac- 
uum in  ordei"  to  remove  bubbles  of  air  which  might  be  contained 
in  it  and  destroy  its  uniformity.  This  nuiterial  is  then  forced, 
''squirted,"  through  steel  dies  into  alcohol,  the  alcohol  serving  to 
harden  the  soft,  transparent  threads.  These  threads  are  then 
thorouo-hly  washed  to  remove  all  trace  of  the  zinc  chloride,  dried, 
cut  to  the  desired  lengths,  wound  on  forms,  and  carbonized  by 
heatincr  to  a  high  temperature  away  from  air.  During  carboni- 
zation, the  cellulose  is  transformed  into  pure  carbon,  the  volatile 
matter  beino-  driven  off  by  the  high  temperature  to  whicli  the  fil- 
aments are  subjected.  The  material  becomes  hard  and  stiff,  as- 
sumincr  a  permanent  form,  shrinking  in  both  length  and  diameter; 
the  form  beincr  specially  constructed  so  as  to  allow  for  this  shrink- 
age. The  forms  are  made  of  carbon  blocks  w^hich  are  placed  in 
plumbago  crucibles  and  packed  with  powdered  carbon;  the  cruci- 
bles are  covered  with  loosely  fitting  carbon  covers.  The  crucibles 
are  gradually  brought  to  a  white  heat,  at  which  temperature  the 
cellulose  is  changed  to  carbon,  and  then  allowed  to  cool.  After 
coolino-,  the  filaments  are  removed,  measured  and  inspected,  and 
the  few  defective  ones  discarded. 

In  the  early  days,  these  filaments  were  made  of  cardboard  or 
bamboo,  and  later  of  thread  treated  with  sulphuric  acid. 

A  few  of  the  shapes  of  filaments  now  in  use  are  shown  in 
Fig.  1,  ihe  different  shapes  giving  a  slightly  different  distribution 
of  lio-ht.  The  shapes  here  shown  are  designated  as  follows:  A, 
U-shaped;  B,  single-curl;  C,  single-curl  anchored;  D,  double- 
loop;  E,  double-curl;  F,  double-curl  anchored. 
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Mounting  the  Filament.  After  carbonization,  the  filaments 
are  mounted  or  joined  to  ^vires  leadincr  into  the  globe  or  bulb. 
These  wires  are  made  of  platinum — platinum  being  the  only  sub- 
stance, so  far  as  known,  that  expands  and  contracts  the  same  as 
glass  M'itli  change  in  temperature  and  which,  at  the  same  time, 
vill  not  be  melted  by  the  heat  developed  in  the  carbon.  Since 
tlie  l)iilb  must  remain  air-tight,  a  substance  expanding  at  a  differ- 
ent rate  from  the  glass  cannot  be  used.  Several  methods  of  fasten- 
iniJ-  the  lihuiient  to  the  'deadino;  in"  wires  have  been  used,  such 
as  formintr  a  socket  in  the  end  of  the  wire,  insertino;  the  filament 
and  then  squeezing  the  socket  tightly  against  the  carbon,  and  the 


Pig.  1 

use  of  tiny  bolts  when  cardboard  filaments  were  used,  hut  the 
pasted  joint  is  now  "ised  almost  exclusively.  Finely  powdered 
carbon  is  mixed  with  some  adhesive  compound,  such  as  molasses, 
and  this  mixture  is  used  as  a  paste  for  fastening  the  carbon  to  the 
])latinum.  Later,  when  current  is  sent  through  the  joint,  the 
volatile  matter  is  driven  off  and  oidy  the  cari)on  renuiins.  This 
makes  a  cheap  and,  at  the  same  time,  a  very  efficient  joint. 

Flashing.  Filaments,  prepared  and  mounted  in  the  manner 
just  described,  are  fairly  uniform  in  resistance,  but  it  has  been 
found  that  their  quality  may  be  much  improved  and  their  resist- 
ance very  closely  regulated  by  depositing  a  layer  of  carbon  on  the 
outside  of  the  filament  by  the  process  of  "-flashing".  By  flashing 
is -meant  heating  the  filament  to  a  high  temperature  when  im- 
mersed in  a  hydrocarbon  gas,  such  as  gasoline  vapor,  under  partial 
vacuum.  Current  is  passed  through  the  filament  in  this  ])rocess 
to  accomplish  the  heating,  (las  is  used,  rather  than  a  liquid^  to 
prevent  too  heavy  a  deposit  of  the  carbon.  Coal  gas  is  not  recom- 
mended because  the  carbon,  when  deposited  from  this,  has  a  du'^ 
black  appearance.    The  effects  of  flashing  are  as  follows-. 
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1.  Tlie  diameter  of  the  filament  is  increased  by  the  deposited 
carbon  and  hence  its  resistance  is  decreased.  The  process  must  be 
discontinued  when  the  desired  resistance  is  reached.  Any  little 
irrecfularities  in  the  filament  will  be  eliminated  since  the  smaller 
sections,  havino-  the  greater  resistance,  will  become  hotter  than  the 
remainder  of  the  filament  and  the  carbon  is  deposited  more  rapidly 
at  these  points. 

2.  The  character  of  the  surface  is  changed  from  a  dull  black 
and  comparatively  soft  nature  to  a  bright  gray  coating  which  is  much 
harder  and  which  increases  the  life  and  efficiency  of  the  filament. 

Exhausting.  After  flashing,  the  filament  is  sealed  in  the 
bulb  and  the  air  exhausted  through  the  tube  A  in  Fig.  2,  which 
shows  the  lamp  in  different  stages  of  its  manufacture.  The 
exhaustion    is    a<3complished 


by  means  of  mechanical  air 
pumps,  supplemented  by 
Sprengle  or  mercury  pumps 
and  chemicals.  Since  the 
degree  of  exhaustion  must  be 
hicrh,  the  bulb  should  be 
heated  during  the  process  so 
as  to  drive  off  any  gas  which 
may  cling  to  the  glass.  AVhen 
chemicals  are  used,  as  is  now  '^>»f/^ 
almost  universally  the  case, 
the  chemical  is  placed  in  the 
tube  A  and,  when  heated, 
serves  to  take  up  much  of  the 
remaining  gas.  Exhaustion 
is  necessary  for  several  rea- 
sons : 


^+J 


anchor 


Fig.  % 


1.  To  avoid  oxidization  of  the  filament. 

2.  To  reduce  the  heat  conveyed  to  the  globe. 

3.  To  prevent  wear  on  the  filament  due  to  currents  or  eddies  in  the  gas. 

After  exhausting,  the  tube  A  is  sealed  off  and  the  lamp  com- 
pleted for  testing  by  attaching  the  base  by  means  of  plaster  of 
Paris.  Fig.  3  shows  some  of  the  forms  of  completed  incandescent 
lamps. 
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Voltage  and  Candle=Povver.  Incandescent  lamps  vary  i.u  size 
from  the  miniature  battery  and  candelabra  lamps  to  those  of  several 
hundred  candle-power,  though  the  latter  are  very  seldom  used. 
The  more  common  values  for  the  candle  power  are  8,  10,  25,  32, 
and  50,  the  choice  of  candle-power  depending  on  the  use  to  be 
made  of  the  lamp. 

The  voltage  will  vary  depending  on  the  method  of  distribu- 
tion of  the  power.  For  what  is  known  as  parallel  distribution, 
110  or  220  volts  are  generally  used.     For  the  higher  values  of  the 


n<r\ 


Fig.  3. 

voltage,  long  and  slender  filaments  must  be  used,  if  the  candle- 
power  is  to  be  low,  and  lamps  of  less  than  10  candle-power  for 
220-volt  circuits  are  not  practical,  owing  to  difficulty  in  manu- 
facture. For  series  distribution,  a  low  voltage  and  higher  current 
is  used,  hence  the  filaments  may  be  quite  heavy.  Battery  lamps 
operate  on  from  4  to  24  volts,  but  the  vast  majority  of  lamps  for 
general  illumination  are  operated  at  or  about  110  volts. 

Efficiency.  By  the  efficiency  of  an  incandescent  lanij)  is 
meant  the  power  required  at  the  lamp  terminals  per  candle-])0wer 
of  light  given.  Thus,  if  a  lamp  giving  an  average  horizontal 
candle-})ower  of  10  consumes  i  an  ampere  at  112  volts,-the  total 
number  of  watts  consumed  will  be  112  X  A  =  50.  and  the  watts 
per  candle-power  will  be  50  -=-  10  =  3o5.  The  efficiency  of  such 
a  lamp  is  said  to  be  3.5  watts  per  candle-power.  "•  Watts  econ- 
omy  "  is  sometimes  used  for  "  efficiency  ". 
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Theefliciency  of  a  lamp  depends  ou  the  temperature  at  wliieli 
the  iilament  is  run.  This  temperature  is  between  1280*^  and  1380 
C,  and  the  curve  in  Fig.  4  shows  the  increase  of  efficiency  with  the 
increase  of  temperature.  The  temperature  attained  by  a  filament 
depends  on  the  rate  at  which  heat  is  radiated  and  the  amount  of 
power  supplied.  The  rate  of  radiation  of  heat  is  proportional  to 
the  area  of  the  filament,  the  elevation  in  temperature,  and  the 
emissivity  of  the  surface. 

By  emissivity  is  meant  the  number  of  heat  units  emitted 
from  unit  surface  per  degree  rise  in  temperature  above  that  of 
surroundincr  bodies.  The  bright  surface  of  a  flashed  filament  has 
a  lower  emissivity  than  the  dull  surface  of  an  uuheated  filament, 
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Fig.  4. 


hence  less  energy  is  lost  in  heat  radiation  and  the  efficiency  of  the 
filament  is  increased. 

As  soon  as  incandescence  is  reached,  the  illumination  increases 
much  more  rapidly  than  the  emission  of  heat,  hence  the  increase 
in  efficiency  shown  in  Fig.  4.  Were  it  not  for  the  rapid  disinte- 
gration of  the  carbon  at  high  temperature,  an  efficiency  higher 
than  3.1  watts  could  be  obtained. 

Relation  of  Life  to  Efficiency.  By  the  useful  life  of  a  lamp 
is  meant  the  length  of  time  a  lamp  will  burn  before  its  candle- 
power  has  decreased  to  such  a  value  that  it  would  be  more  eco- 
nomical to  replace  the  lamp  with  a  new  one  than  to  continue  to 
use  it  at  its  decreased  value.  A  decrease  to  80%  of  the  initial 
candle-power  is  now  taken  as  the  point  at  which  a  lamp  should  be 
replaced,  and  the  normal  life  of  a  lamp  is  in  the  neighborhood  of 
800  hours.  To  obtain  the  most  economical  results,  lamps  should 
always  be  replaced  at  the  end  of  their  useful  lire. 
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In  Table  1  are  given  values  of  the  efficiency  and  life  of  a 
3.5-watt,  110-volt  lamp  for  various  voltages  impressed  on  the 
lamp.  These  values  are  plotted  in  Fig.  5.  These  curves  show 
that  A  3%  increase  of  voltage  on  the  lamp  reduces  the  life  by 
one-half,  while  an  increase  of  0%  causes  the  useful  life  to  fall 
to  one-third  its  normal  value.  The  eli'ect  is  even  greater  when 
8.1-watt  lamps  are  used,  but  not  so  great  with  4-watt  lamps. 
From  this  we  see  that  the  regulation  of  the  voltage  used  on  the 
system  must  be  very  good  if  high  efficiency  lamps  are  to  be  used, 
and  this  regulation  will  determine  the  type  of  lamp  to  be  installed. 

Selection  of  Lamps.  Lamps  taking  8.1  watts  per  candle- 
power  will  give  satisfaction  only  when  the  regulation  of  voltage  is 
the  best — practically  a  constant  voltage  maintained  at  the  normal 
voltage  of  the  lamp. 

TABLE  I, 

Effects  of  Change  in  Voltage. 

Standard  3.5  Watt  Lamp. 


Voltage 

Per  Cent,  of 

Normal. 

Candle-Power 

Per  Cent,  of 

Normal. 

Watts  Per 
Candle-Pov/er. 

Life  Per  Cent, 
of  Normal. 

Deterioration 

Per  Cent,  of 

Normal. 

90 

53 

5.36 

91 

56 

5.09 

92 

61 

4.85 

93 

65 

4.63 

- 

94 

69 

4.44 

394 

v<fs 

95 

73 

4.26 

310 

!i2 

96      . 

78 

4.09 

247 

44 

97 

83 

3.93 

195 

51 

98 

88 

3.78 

153 

65 

99 

94 

3.64 

126 

79 

100 

100 

3.5 

100 

"X) 

101 

106 

3.38 

84 

JL18 

102 

•111 

3.27 

68 

146 

103 

116 

3.16 

58 

173 

104 

123 

3.05 

47 

211 

105 

129 

2.95 

39 

253 

106 

137 

2.85 

31 

316 

107 

143 

2.76 

26 

380 

108 

152 

2.68 

"21 

474 

109 

159 

2.60 

17 

575 

110 

167 

2.53 

16 

637 

Lamps  of  3.5  watts  per  candle-power  should  be  used  when 
the  regulation  is  fair,  say  with  a  maximum  variation  of  2%  from 
fche  normal  voltage. 
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Lamps  of  4  watts  per  candle-power  should  be  installed  when 
the  regulation  is  poor.  These  values  are  for  110-volt  lamps.  A 
220- volt  lamp  should  have  a  lower  efficiency  to  give  a  lono-  life. 


Fig.  6. 

Lamps  should  always  be  renewed  at  the  end  of  their  useful 
life,  this  point  being  termed  the  "smashing-point",  as  it  is 
cheaper  to  replace  the  lamp  than  to  run  it  at  the  reduced  candle- 
power.  Some  recommend  running  these  lamps  at  a  higher 
voltage,  but  that  means  at  a  reduced  efficiency,  and  it  is  not  good 
practice  to  do  this. 
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Fig.  G  shows  the  life  curves  of  a  series  of  incandescent 
lamps.  These  curves  show  that  there  is  an  increase  in  the  candle- 
power  of  some  of  the  lamps  during  the  first  100  hours,  followed 
by  a  period  during  which  the  value  is  fairly  constant,  after  which 


Fig.  7. 

the  light  given  \>y  the  lamp  is  gradually  reduced  to  about  80%  ot 
the  initial  candle-power. 

DISTRIBUTION  OF  LIGHT. 

In  Fig.  1  are  shown  various  forms  of  filaments  used  in 
incandescent  l.imj)s,  and  Figs.  7  and  8  show  the  distribution  of 
light   from  a    single-loop    filament    of    cylindrical    cross-section. 
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Fig.  7  shows  the  distributiou  of  light  in  a  horizontal  phme,  the 
lamp  being  monuted  in  a  vertical  position,  and  Fig.  8  shows  tlie 
distribution  in  a  vertical  plane.  By  changing  the  shape  of  the 
filament,  the  light  distribution  is  varied.  A  mean  of  the  read- 
ings  taken  in  the  horizontal  plane  forms  the  mean,  Jwrhontal 
candle-power^  and  this  candle-power  rating  is  the  one  generally 


ISO 


Fig.  8. 

assumed  for  the  ordinary  incandescent  lamp.  A  mean  of  the 
I'eadings  taken  in  a  vertical  plane  gives  us  the  mean  vertical 
candle-power,  but  this  value  is  of  little  use. 

Hean  Spherical  Candle=Power.      AYhen    comparing   lamps 
vvhich  give  an  entirely  different  light  distribution,  ♦^he  mean  horizou- 
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tal  candle-power  does  not  form  a  proper  basis  for  such  comparison, 
and  the  mean  spherical  or  the  mean  heniispherical  candle-power  is 
used  instead.  By  mean  spherical  candle-power  is  meant  a  mean 
value  of  the  light  taken  in  all  directions.  The  methods  for  deter- 
minincr  this  will  be  taken  up  under  jj/K^toinetr//.  The  mean  hemi- 
spherical candle-power  has  reference,  usually,  to  the  light  given 
out  below  the  horizontal  plane. 

ARC  LAMPS, 

The  Electric  Arc.  Suppose  two  carbon  rods  are  connected  in 
an  electric  circuit,  and  the  circuit  closed  by  touching  the  tips  of 
these  rods  together  ;  on  separating  the  carbons  again  the  circuit 
will  not  be  broken,  provided  the  space  between  the  carbons  be  not 
too  great,  but  will  be  maintained  through  the  arc  formed  at  these 
points.  This  phenomenon,  Avhich  is  the  basis  of  the  arc  light,  was 
first  observed  on  a  large  scale  by  Sir  Humphrey  Davy,  who  used  a 

battery  of  2,000  cells  and  produced  an 
arc  between  charcoal  points  four  inches 
api.i'L. 

As  the  incandescence  of  the  carbons 
across  which  an  arc  is  maintained, 
together  with  the  arc  itself,  forms  the 
source  of  light  for  all  arc  lamps,  it  will 
be  well  to  study  the  nature  of  the  arc. 
Fig.  9  shows  the  general  appearance  of 
an  arc  between  two  carbon  electrodes 
when  maintained  by  direct  current. 

Here  the  current  is  assumed  as 
passing  from  the  top  carbon  to  the  bot- 
tom one  as  indicated  by  the  arrow  and 
We  find,  in  the  direct -current  arc,  that  the  most  of  the 
light  issues  from  the  tip  of  the  positive  carbon,  or  electrode,  and 
this  portion  is  known  as  the  crater  of  the  arc.  This  crater  has  a 
temj)erature  of  from  8,000  to  3,500"  C,  the  temperature  at  which  the 
carbon  vaporizes,  and  gives  fully  80  to  85 9^  of  the  light  furnished  by 
the  arc.  The  negative  carbon  becomes  pointed  at  the  same  time  that 
the  positive  one  is  hollowed  out  to  form  the  crater,  and  it  is  also 
incandescent  but  not  to  as  great  a  degree  as  the  positive  carbon. 
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Between  the  electrodes  there  is  a  band  of  violet  light,  the  arc 
proper,  and  this  is  surrounded  hy  a  luminous  zone  of  a  golden 
yellow  color.  The  arc  proper  does  not  furnish  more  than  5%  of 
the  light  emitted. 

The  carbons  are  worn  away  or  consumed  by  the  ])assage  of 
the  current,  the  positive  carbon  being  consumed  about  twice  as 
rapidly  as  the  negative. 

The  litrht  distribution  curve  of  a  direct -current  arc^  taken  in 
a  vertical  plane,  is  shown  in  Fig.  10.  Here  it  is  seen  that  the 
maximum  amount  of  light  is  given  off  at  an  angle  of  about  50"  from 
the  vertical,  the  negative  carbon  shutting  off  the  rays  of  light  that 
are  thrown  directly  downward  from  the  crater. 

If  alternating  current  is 
used,    the   upper    carbon    be- 
comes positive    and  negative 
alternately,  and    there   is    no    '°° 
chance  for  a  crater  to  be    ^°° 
formed,  both  carbons  giving   = 
off  the  same  amount  of  light   -wo 
and  being  consumed  at  about    ooo 
the  same  rate.     The  light  dis-    eoo 
tribution    curve  of  an  alter-    too 
nat in  (J -current  arc  is  shown    eoo 
in  Fig.  11. 

Arc  Lamp  Mechanisms. 
In  a  practical  lamp  we  must 
have  not  only  a  pair  of  car- 
bons for  producing  the  arc, 
but  also  means  for  supporting  these  carbons,  together  with  suitable 
arrano-ements  for  leading  the  current  to  them  and  for  maintaining 
them  at  the  proper  distance  apart.  The  carbons  are  kept  separated 
the  proper  distance  by  the  operating  mechanisms  which  must  per- 
form the  following  functions : 

1.  The  carbons  must  be  in  contact,  or  be  brought  into  contact,  to 
start  the  arc  when  the  current  first  flows. 

2.  They  must  be  separated  at  the  right  distance  to  form  a  proper  arc 
immediately  afterward. 

3.  The  carbons  must  be  fed  to  the  arc  as  they  are  consumed. 

4.  The  circuit  should  be  open  or  closed  when  the  carbons  are  entirely 
consumed,  depending  on  the  method  of  power  distribution. 


Fig.  10. 
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The  feeding  of  the  carbons  may  be  done  by  hand,  as  is  the 
case  in  some  stereoptieons  using  an  arc,  but  for  ordinary  illumina- 
tion the  strikincr  and  maintaining  of  the  arc  must  be  automatic. 
It  is  made  so  in  all  cases  by  means  of  solenoids  acting  against  the 
force  of  gravity  or  against  springs.     There  are  an  endless  number 


of  such  mechanisms,  but  a  few  only  will  be  described  here.     They 
may  be  roughly  divided  into  three  cla.sses; 


1.  Shunt  Mechanisms. 

2.  Series  Mechanisms. 

3.  Diti'erential  Mechanisms. 


In  Shunt  Lamps,  the  carbons  are  held  apart  before  the  cur- 
rent is  turned  on,  and  the  circuit  i^  closed  throucrh  a  solenoid 
connected  in  across  the  gap  so  formed.  All  of  the  current  must 
pa.'is  through  this  coil  at  first,  and  the  plunger  of  the  solenoid  is 
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arranged  to  draw  the  carbons  together,  thus  starting  the  arc.  The 
pull  of  the  solenoid  and  that  of  the  springs  are  adjusted  to  main- 
tain the  arc  at  its  proper  length. 

Such  lamps  have  the  disadvantage  of  a  high  resistance  at  the 
start — 450  ohms  or  more — and  are  dithcult  to  start  on  series  cir- 
cuits, due  to  the  high  voltage  required.  They  tend  to  maintain  a 
constant  voltage  at  the  arc,  but  do  not  aid  the  dynamo  in  its  regu. 
lation,  so  that  the  arcs  are  liable  to  be  a  little  unsteady. 

AVith  the  Series=Lamp  Mechanism,  the  carbons  are  too-ether 

o 

when  the  lamp  is. first  started  and 
the  current,  flowingr  in  the  series 
coil,  separates  the  electrodes, 
striking  the  arc.  When  the  arc 
is  too  lonor,  the  resistance  is  in- 
creased  and  the  current  lowered 
so  that  the  pull  of  the  solenoid  is 
weakened  and  the  carbons  feed 
together.  This  type  of  lamp  can 
be  used  only  on  constant-poten- 
tial svstems. 

Fig.  12  shows  a  diagram  of 
the  connection  of  such  a  lamp. 
This  diagram  is  illustrative  of 
the  connection  of  one  of  the 
lamps  manufactured  by  the 
Western  Electric  Company,  for 
use  with  direct  current  on  a  con- 
stant-potential system.  The 
symbols  +  and  —  refer  to  the 
terminals  of  the  lamp,  and  the 
lamp  must  be  so  connected  that 
the  current  flows  from  the  top  carbon  to  the  bottom  one.  R  is  a 
series  resistance,  adjustable  for  different  voltages  by  means  of  the 
shunt  G.  F  and  D  are  the  controlling  solenoids  connected  in 
series  with  the  arc,  B  and  C  are  the  positive  and  negative  car- 
bons respectively,  while  A  is  the  switch  for  turning  the  current 
on  and  off.  H  is  the  plunger  of  the  solenoids  and  I  the  carbon 
clutch,  this  being  what  is  known  as  a  "  carbon  feed  "  lamp.     Tho 


^ 
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T 


Fig.  12. 
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carbons  are  together  when  A  is  first  closed,  the  current  is  excess- 
ive, and  the  plunger  is  drawn  up  into  the  solenoids,  lifting  the 
carbon  B  until  the  resistance  of  the  arc  lowers  the  current  to  such 
a  value  that  the  pull  of  the  solenoid  just  counterbalances  the  weio;]it 
of  the  plunger  and  carbon.  G  must  be  so  adjusted  that  this  point 
is  reached  when  the  arc  is  at  its  normal  lenn-th. 

In  the  Differential  Lamp,  the  series  and  shunt  mechanisms 
are  combined,  the  carbons  beinfj  together  at  the  start,  and  the 
series  coil  arranged  so  as  to  separate  them  while  the  shunt  coil  is 

connected  across  the  arc,  as  be- 
fore, to  prevent  the  carbons  from 
Ijeing  drawn  too  far  apart.  This 
lamp  operates  only  over  a  low- 
current  rantje,  but  it  tends  to  aid 
the  ijenerator  in  its  reo;ulation. 

Fig.  13  shows  a  lamp  having  a 
differential  control,  this  also  be- 
incj  the  diagram  of  a  Western 
Electric  Company  arc  lamp  for 
direct-current,  constant-potential 
system.  Here  S  represents  the 
shunt  coil  and  M  the  series  coil, 
the  armature  of  the  two  magnets 
A  and  A'  beincr  attached  to  a 
bell-crank,  pivoted  at  B,  and  at- 
tached to  the  carbon  clutch  C. 
The  pull  of  coil  S  tends  to  lower 
the  carbon  while  that  of  l\l  raises 
the  carbon,  and  the  two  are  so 
adjusted  that  equilibrium  is 
reached  when  the, arc  is  of  the  proper  length.  All  of  the  lamps 
are  fitted  with  an  air  dashpot  or  some  damping  device  to  prevent 
too  rapid  movements  of  the  working  parts. 

The  methods  of  supporting  the  carbons  and  feeding  them  to 
the  arc  may  be  divided  into  two  classes: 

1,  Rod  feed. 

2.  Carbon  feed. 

Lamps  using  a  Rod  Feed  have  the  upper  carbons  supported  by 
3  conducting  rod,  and  the  regulating  mechanism  acts  on  this  rod, 


Fig.  1.3. 
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the  current  being  fed  to  the  rod  by  means  of  a  slidino-  contact. 
Fig.  14:  shows  the  arrangement  of  this  type  of  feed.  The  rod  is 
shown  at  R,  the  sliding  contact  at  B,  and  the  carbon  is  attached  to 
the  rod  at  C. 

These  lamps  have  the  advantage  that  carbons,  which  do  not 
have  a  uniform  cross-section  or  smooth  exterior,  may  be  used,  but 
they  possess  the  disadvantage 

of  being  very  long  in  order  to      +  — 

accommodate  the  rod.  The 
rod  must  also  be  kept  clean  so 
as  to  make  a  good  contact 
with  the  brush. 

In  Carbon  =  Feed  lamps  the 
controllincr  mechanism  acts 
on  the  carbons  directly 
through  some  form  of  clutch 
such  as  is  shown  at  C  in  Fig. 
15.  This  clafup  grips  the  car- 
bon when  it  is  lifted,  but 
allows  the  carbon  to  slip 
through  it  when  the  tension 
is  released.  For  this  type  of 
feed  the  carbon  must  be 
straight  and  have  a  uniform 
cross-section  as  well  as  a 
smooth  exterior.  The  cur- 
rent may  be  led  to  the  carbon 
by  means  of  a  flexible  lead 
and  a  short  carbon  holder. 

Double=Carbon  Lamps.  In 
order  to  increase  the  life  of  the 

early  form  of  arc  lamp  without  using  too  long  a  carbon,  the 
double-carbon  type  was  introduced.  This  type  uses  two  sets  of 
carbons,  both  sets  being  fed  by  one  mechanism  so  arranged  that 
when  one  pair  of  the  electrodes  is  consumed  the  other  is  put 
into  service.  With  the  introduction  of  the  enclosed  arcs,  this 
form  of  lamp  is  rapidly  disappearing,  although  a  few  are  still 
in  use. 


Fig.  14. 
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Arc  lamps  are  constructed  to  operate  on  Direct  Current  or 
Alternating  Current  systems  when  connected  in  Series  or  iii 
3fulffj)le.  They  are  also  made  in  both  the  Ojfen  and  the  Enclosed 
forms,  but  almost  all  of  the  lamps  operating  on  alternating 
current  or  on  constant-potential,  direct  current  are  enclosed. 


Fig.  15. 

P>y  an  Open  Arc  is  meant  an  arc  lamp  in  which  the  arc  is 
exposed  to  the  atmosphere,  while  in  \h%  E nclosed  Arc  an  inner  or 
enclosing  globe  surrounds  the  arc,  and.  this  globe  is  covered  with 
a  cap  which  renders  it  nearly  air-tight.  Fig.  15  is  a  good  example 
of  an  enclosed  arc  as  manufactured  by  the  General  Electric 
Company. 

Open  Arcs  for  direct-current  systems  were  the  first  to  be 
used  to  any  great  extent,  and  they  are  used  considerably  at  present., 
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although  they  are  being  rapidly  replaced  by  the  enclosed  types  or 
the  alternating-current  systems.  They  are  always  connected  in 
series,  and  are  run  from  some  form  of  special  arc  machine,  a 
description  of  which  may  be  found  in  "  Types  of  Dynamo  Electric 
Machinery". 

Each  lamp  requires  in  the  neighborhood  of  50  volts  for  its 
operation,  and,  since  the  lamps  are  connected  in  series,  the  voltage 
of  the  system  will  depend  on  the  number  of  lamps;  therefore,  the 
number  of  lamps  that  may  be  connected  to  one  machine  is  limited 
by  the  maximum  allowable  voltage  on  that  machine.  By  special 
construction  as  many  as  125  lamps  are  run  from  one  machine,  but 
even  this  size  of  generator  is  not  so  efficient  as  one  of  greater 
capacity.  Such  generators  are  usually  wound  for  6.0  or  9.G 
amperes.  Since  the  carbons  are  exposed  to  the  air  at  the  arc, 
they  are  rapidly  consumed,  requiring  that  they  be  renewed  daily 
for  this  type  of  lamp. 

Enclosed  Direct=Current  Arc  Lamps  for  series  systems  are 
constructed  much  the  same  as  the  open  lamp,  and  are  controlled 
by  either  shunt  or  differential  mechanism.  They  require  a  volt- 
age from  68  to  75  at  the  arc,  and  are  usually  constructed  for 
from  5  to  6.8  amperes.  They  also  require  a  constant-current 
generator. 

Arc  Lamps  for  Constant=  Potential  direct-current  systems 
must  have  some  resistance  connected  in  series  with  them  to  keep 
the  voltage  at  the  arc  at  its  proper  value.  This  resistance  is  made 
adjustable  so  that  the  lamps  may  be  used  on  any  circuit.  Its 
location  is  clearly  shown  in  Fig.  15,  one  coil  being  located  above, 
the  other  below  the  operating  solenoids. 

Arc  Lamps  for  Alternating  Currents  do  not  differ  greatly  in 
construction  from  the  direct-current  arcs.  When  iron  or  other 
metal  parts  are  used  in  the  controlling  mechanism,  they  must  be 
laminated  or  so  constructed  as  to  keep  down  induced  or  eddy  cur- 
rents which  might  be  set  up  in  them.  For  this  reason  the  metal 
spools,  on  which  the  solenoids  are  wound,  are  slotted  at  some  point 
to  prevent  them  from  forming  a  closed  secondary  to  the  primary 
formed  by  the  solenoid  winding.  Oh  constant  potential  circuits  a 
reactive  coil  is  used  in  place  of  a  part  of  the  resistance  for  cutting 
down  the  voltage  at  the  arc. 
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Interchangeable  Arc  Lamps  are  manufactured  which  may  be 
readily  adjusted  so  as  to  operate  on  either  direct  or  alternating 
current,  and  on  voltages  from  110  to  220.  Two  lamps  may  be 
run  in  series  on  220-volt  circuits. 

The  distribution  of  litrht,  and  the  resultino;  illumination  for 
the  different  lamps  just  considered,  will  be  taken  up  lateri  Aside 
from  the  distribution  and  quality  of  light,  the  enclosed  arc  has  the 
advantage  that  the  carbons  are  not  consumed  so  rapidly  as  in  the 
open  lamp  because  the  oxygen  is  soon  exhausted  from  the  inner 
globe  and  the  combustion  of  the  carbon  is  greatly  decreased.  They 
will  burn  from  80  to  100  hours  without  re-trimming. 
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♦Condition  of  no  outer  globe,    f  Condition  with  shade  on  lamp.    H.U  Hefner  Units. 

Rating  of  Arc    Lamps.      Open    arcs    have   been    classified  as 
follows: 

Full  Arcs,  2,000  candle-power  taking  9.5  to  10  amps,  or  450-480  watts. 
Half  Arcs,  1,200  candle-power  taking  6.5  to  7  amps,  or  325-350  watts. 
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These  candle-power  ratings  are  much  too  high,  and  run  more 
nearl^y  1,200  and  700,  respectively,  for  the  point  of  maximum  in- 
tensity and  less  than  this  if  the  mean  spherical  candle-power  be  taken. 
For  this  reason,  the  ampere  or  watt  rating  is  now  used  to  indicate 
the  power  of  the  lamp.  Enclosed  arcs  use  from  3  to  0.5  amperes, 
but  the  voltage  at  the  arc  is  higher  than  for  the  open  lamp.  Table 
2  gives  some  data  on  enclosed  arcs  on  constant-potential  circuits. 

Efficiency.     The  efficiency  of  arc  lamps  is  given  as  follows : 

Direct  Current  Arc  (enclosed)  2.9  watts  per  candle-power. 
Alternating  Current  Arc  (enclosed)  2.95  watts  per  candle-power. 
Direct  Current  Arc  (open)  .6-1.25  watts  per  candle-power. 

Arc=Lamp  Carbons  are  either  moulded  or  forced  from  a  prod- 
uct known  as  petroleum  coke  or  from  similar  materials  such  as 
lampblack.  The  material  is  thoroughly  dried  by  heating  to  a 
high  temperature,  then  ground  to  a  fine  powder  and  combined 
with  some  substance  such  as  pitch  which  binds  the  fine  particles 
of  carbon  together.  After  this  mixture  is  again  ground  it  is  ready 
for  moulding.  The  powder  is  put  in  steel  moulds  and  heated  un- 
til it  takes  the  form  of  a  paste,  when  the  necessary  pressure  is  ap- 
plied to  the  moulds.  For  the  forced  carbons,  the  powder  is 
formed  into  cylinders  which  are  placed  in  machines  which  force 
the  material  through  a  die  so  arranged  as  to  give  the  desired  di- 
ameter.  The  forced  carbons  are  often  made  with  a  core  of  some 
special  material,  this  core  being  added  after  the  carbon  proper  has 
been  finished.  The  carbons,  whether  moulded  or  forced,  must  be 
carefully  baked  to  drive  off  all  volatile  matter.  The  forced  car- 
bon is  always  more  uniform  in  quality  and  cross-section,  and  is 
the  type  of  carbon  which  must  be  used  in  the  carbon  feed  lamp. 
The  adding  of  a  core  of  a  different  material  seems  to  change  the 
quality  of  light,  and  being  more  readily  volatilized,  keeps  the  arc 
from  wandering. 

Plating  of  carbons  with  copper  is  sometimes  resorted  to  for 
moulded  forms  for  the  purpose  of  increasing  the  conductivity,  and. 
by  protecting  the  carbon  near  the  arc,  prolonging  the  life, 

SPECIAL  LAMPS. 

Under  this  heading  may  be  considered  all  lamps  which  do 
DOt  use  carbon  as  the  incandescent  material,  as  well  as  some  lamps 
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which  use  carbon  in  conjunction  with  other  materials.  The  first 
of  these  hmips,  or  the  one  at  present  most  widely  used,  is  the 
Nernst  Lamp. 

The  Nernst  Lamp  is  an  incandescent  lami)  usintr  for  the  incan- 
descent  material  certain  oxides  of  the  rare  earths.  The  oxide  is 
mixed  in  the  form  of  9  paste,  then  squirted  througli  a  die  into  a 
string  which  is  subjected  to  a  roasting  process  forming  the  filament 
or  glower  material  of  the  lamp.  The  glo^vers  are  cut  the  desired 
length  and  platinum  terminals  attached.  The  attachment  of  thesa 
terminals  to  the  glowers  is  a  ^ery  important  process  in  the  manu- 
facture of  the  lamp,  and  is  accomplished  by  fusing  the  ends  of  the 
glower  and  the  platinum  lead  into  small  beads,  and,  when  the  two 
are  brought  into  contact,  the  platinum  is  sucked  up  into  the  glower 
head,  forming  a  very  neat  and  efficient  connection.  Fig.  10  shows 
several  completed  glowers. 
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Fig.  17. 


As  the  glower  is  a  non-conductor  w'hen  cold,  some  form  of 
heater  is  necessary  to  bring  it  up  to  a  temperature  at  which  it  will 
conduct.  Two  forms  of  heater  are  used,  the  first  being  formed  of 
fine  platinum  wire  wound  over  a  porcelain  tube  as  a  support  and 
covered  with  porcelain  paste  to  prevent  deterioration  as  much  as 
possible.  These  "heater  tubes",  as  they  are  called,  are  mounted 
Just  above  the  glowers  in  the  finished  lamp.  The  second  form  of 
heater  is  known  as  the  "spiral  heater",  and  this  is  also  made  of  fine 
platinum  wire  wound  on  a  porcelain  rod  and  covered  with  paste, 
the  rod  being  then  formed  on  a  mandrel  to  the  desired  shape. 
Ficrs.  17  and  18  show  the  two  forms  of  heaters. 

The  heating  device  is  connected  across  the  circuit  when  the 
lamp  is  first  turned  on,  and  it  must  be  cut  out  of  circuit  automat- 
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ioally  ^vlleM  the  glower  becomes  a  conductor,  otherwise  the  heater 
would  soou  be  destroyed.  This  automatic  cut-out  is  operated  by 
means  of  an  electromagnet  so  arranged  that  current  flows  through 
its  coil  as  soon  as  the  glower  conducts  and  opens  a  form  of  silver 


=tO= 


Fig.  18. 

contact  cuttino-  out  the  heater.  The  heater  circuit  is  normally 
kept  closed  by  the  force  of  gravity  so  that  the  lamps  will  operate 
only  in  one  jwsition.  A  successful  form  of  universal  cut-out,  that 
is.  one  which  will  operate  when  the  lamp  is  in  any  position,  has  not 
yet  been  ])Ut  on  tlie  market,  though  experiments  with  this  type 
are  being  made. 


Fig.  19. 

The  conductivity  of  the  glower  increases  with  its  temperature  ; 
hence,  if  used  on  a  constant-potential  circuit  directly,  its  temper- 
ature would  continue  to  increase,  due  t®  the  greater  current  flow- 
ing, until  the  glower  was  destroyed.  To  prevent  this  increase  of 
current,  a  lallast  resistance  of  fine  iron  wire  is  connected  in  series 
with  the  glower.  As  is  well  known,  the  resistance  of  iron  wire 
increases  quite  rapidly  with  increase  of  temperature,  and  this  resist- 
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ance  is  so  adjusted  that  the  resistance  of  the  couiOined  circuit 
reaches  a  constant  value  when  the  current  is  of  the  proper  strength. 
The  iron  wire  must  be  protected  from  the  air  to  prevent  oxidiza- 
tion and  too  rapid  temperature  changes,  and,  for  this  reason,  it  is 
mounted  in  a  glass  bulb  filled  with  hydrogen.  Hydrogen  has 
been  selected  for  this  purpose  because  it  is  an  inert  gas  and  con- 
ducts the  heat  from  the  ballast  to  the  walls  of  the  bulb  better  than 


Fig.  20. 
other  gases.      Fig.  19  shows  the  form  of  bulb  which  contains  the 
ballast. 

All  of  the  parts  enumerated,  namely,  glower,  heater,  cut-out 
and  ballast,  are  mounted  in  a  suitable  manner,  the  smaller  lamps 
having  but  one  glower  and  arranged  to  fit  an  incandescent  lamp 
socket,  while  the  larger  types  have  as  many  as  six  glowers  and  are 
arranged  to  be  supported  in  a  manner  similar  to  arc  lamps.  All 
of  the  parts  are  interchangeable  and  may  be  easily  renewed. 

Fior.20  shows  the  complete  connections  of  a  six-glower  lamp. 
Current  enters  the  lamp  at  terminal  1  (or  2),  passes  through  the 
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Fig.  21. 

contacts  of  the  cut-out  4,  to  the  heater  circuit  5,  then  to  the  con- 
tacts  4'  and  to  terminal  2.  When  the  glowers  become  hot  enough 
to  conduct,  the  current  divides  at  1',  part  of  it  going  through  the 


Fig,  23. 


glowers  6,  the  ballast  7,  and  the  cut-out  coil  3  to  terminal  2. 
By  the  time  the  current  in  the  glower  lias  reached  its  normal  value, 
the  contacts  at  4  and  4'  have  opened,  cutting  out  the  heater  coils 
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entirely.     The  beaters  are  so  arranged  that  if  one  is  destroyed,  the 
other  two  will  heat  the  glowers  as  quickly  as  possible. 

Fig.  21  shows  the  parts  of  a  single-glower  lamp  with  the 
exception  of  the  globe.  Fig.  22  illustrates  a  six-glower  street 
lamp.  Fig.  23  shows  lamps  for  inside  use  completely  assembled  - 
Fig.  24  shows  a  glower  and  spiral  heater  so  mounted  that  the  two 
may  be  very  readily   replaced.     This  type  is  used  on  some  of  the 

very  latest  forms  of  lamps  put  on 
the  market  by  the  Nernst  Lamp 
Company  of  Pittsburg,  which 
company  controls  the  manufact- 
ure of  these  lamps  in  the  United 
States. 


Fig.  24, 

This  type  of  lamp  is  used  ex- 
tensively only  on  alternating- 
current  circuits  at  a  frequency  of 
about  GO  cycles,  and  preferably 
at  220  volts,  as  the  efficiency  is 
better  at  this  voltage,  due  to  less 
energy  being  consumed  in  the 
ballast.  Series  lamps,  and  lamps 
operated  on  direct  current,  are  still  in  the  experimental  stage. 

The  advantages  claimed  for  the  Nernst  lamp  are  increased 
efficiency,  a  good  color  of  light,  and  a  good  light  distribution.  The 
efficiency  varies  with  the  type  and  the  voltage  used,  as  well  as  with 
the  direction  in  which  the  candle-power  is  measured  and  the  type 
of  globe  used.     For  a  100-hour  run  on  a  two-glower,  220-volt 


Fig.  22. 
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lain  I)  iisiiio;  a  0-incli  lijrlit  sand-blasted  elol)e.  the  watts  varied 
from  17(1  to  158,  while  tlie  mean  heiiiispheiieal  candle-power 
varied  from  OT.'S  to  50.8,  giving  an  efKciency  from  2.5  to  8.1  watts 
per  mean  hemispherical  candle-power;  showing  an  efficiency  better 
than  the  incandescent  l)ut  not  so  good  as  the  arc  lamp. 


Fig.  25. 

Fig.  25  shows  two  distribution  curves  for  ISernst  lamps. 

To  give  the  best  results,  lamps  using  the  tube'heaters  juust 
be  cleaned  recrularlv  at  the  intervals  of  about  100  hours  of  burninir. 
The  spiral  heatei'S  are  not  cleaned,  but  are  renewed  at  the  end  of 
the  useful  life  of  the  glower.  The  light  given  by  these  lamps  is 
very  white  in  color,  and  the  use  of  sand-blasted  or  alabaster  globes 
reduces  its  intense  brilliancy. 
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Osmium  Lamps.  Osmium  has  been  experimented  on  as  a 
substance  to  replace  carbon  in  the  ordinary  incandescent  lamp,  and 
so  far  very  efticient  lamps  have  been  constructed  using  this  mate- 
rial, but  the  voltage  is  low,  due  to  the  low  resistance  of  the  material 


Fig.  25. 

and  the  difficulty  of  making  a  filament  fine  enough  to  give  the 
desired  resistance  for  higher  voltages.  At  25  volts,  lamps  are  con- 
structed giving  an  efiiciency  of  1.5  to  1.7  watts  per  candle-power^ 
and  with  a  life  comparable  with  that  of  a  3. 5- watt  incandescent 
lamp.  The  low  voltage  makes  this  lamp  undesirable  for  parallel 
distribution  systems. 

The  Bremer  Arc  Lamp  is  one  of  the  most  favorable  of  sev- 
eral modifications  of  the  arcs  which  have  been  proposed.    Thip 
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lamp  uses  very  slender  carbons  having  a  core  made  of  refractory 
oxides  such  as  silica,  lime,  or  magnesia.  An  efficiency  of  .1  to  A 
watts  per  candle-power  (mean  spherical)  has  been  claimed  for  this 
type  of  lamp,  but  it  is  still  in  the  experimental  stage. 

The  Mercury  Vapor  Lamp.  Probably  the  Cooper  Hewitt, 
or  .Mercury  Va2)or  Lamp,  is  the  only  other  special  lamp  deserving 
mention  here.     This  lamp  is  being  introduced  to  quite  an  extent 

where  the  quality  of  the 
light  is  not  of  so  much 
importance.     In    this 
lamp,  mercury  vapor, 
rendered   incandescent 
by  the  passage  of  an  elec- 
tric current,  forms   the 
source  of  light.     One 
electrode   is    formed    of 
mercury  and  the   other 
may   be  of  mercury  or 
iron.     In  the  more  com- 
mon type  of  lamp,  these 
electrodes  are  mounted 
at  the  end  of  a  long   glass  tube  which  has  been  very  carefully 
exhausted.     Fig.  20  shows  such  a  lamp  constructed  for  a  110-volt 
circuit.     Dimensions  of  this  lamp  are  as  follows: 


Fiff.  2G. 


For  100  Volts. 
43  inches. 
50  inches. 
1  inch. 


For  120  Volts. 

49  inches. 

5G  inches. 


Lenp^th  of  light-giving  tube 

Length  over  all 

Diameter 

Current  3  to  3.5  amperes. 
Candle  Power  at  120  volts,  750. 
Life  (average),  1,000  hours. 

The  mercury  vapor,  at  the  start,  may  be  formed  in  two  ways. 
First,  the  lamp  may  be  tipped  so  that  a  stream  of  mercury  makes 
contact  between  the  two  electrodes  and  mercury  is  vaporized  when 
the  stream  breaks.  Second,  by  means  of  a  high  inductance  and  a 
quick  break  switch;  a  very  high  voltage,  sufficient  to  pass  current 
from  one  electrode  to  the  other,  is  induced  and  the  conducting  vapor 
formed.  The  lamp,  as  now  manufactured,  will  operate  only  on 
direct  current,  but  the  alternating-current  lamp  is  being  developed. 
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Fig  27  is  a  diagram  of  a  lamp  connected  for  starting  by  the 
quick-break  method,  while  Fig.  28  shows  two  55-volt  lamps  con- 
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nected  in  series  on  a  110- volt  circuit,  and  arranged  to  be  started 
by  tipping.  A  steadying  resistance  and  reactance  are  connected 
as  shown  in  the  diagram,  the  two  being  mounted  on  one  base 
which  may  readily  be  attached  to  the  wall  as  shown  in  Fig.  26. 


Fig.  28. 


The  mercury  vapor  lamp  is  not  made  in  small  sizes  for  ordi- 
nary voltages,  and  its  light  is  very  objectionable  for  the  purpose 
of  distinguishing  color,  as  there  is  an  entire  absence  of  red  rays. 


S15 


34  ELECTRIC  LIGHTING 


This  absence  of  the  red  light  makes  the  illumination  one  that  is 
very  easy  on  the  eyes  but,  on  account  of  the  color,  its  use  is  lim- 
ited to  the  lio;hting  of  shops,  offices,  and  draftincr  rooms,  or  in 
display  windows  where  the  goods  shown  are  not  changed  in  appear- 
ance by  its  color.  It  is  also  coming  into  use  to  a  large  extent  in 
photographic  work  on  account  of  the  actinic  properties  of  its  light. 

POWER    DISTRIBUTION. 

The  question  of  power  distribution  for  electric  lamps  and 
other  a])pliances  is  taken  up  fully  in  the  section  on  that  subject, 
therefore  it  will  be  treated  very  briefly  here.  The  systems  may 
be  divided  into: 

1.  Series  Distribution  Systems. 

2.  Multiple-Series  or  Series-Multiple  Systems. 

3.  Multiple  or  Parallel  Systems. 

They  apply  to  both  alternating  and  direct  current. 

The  Series  System  is  the  most  simple  of  the  three;  the  lamps, 
as  the  name  indicates,  being  connected  in  series  as  shown  in  Fig. 
29.  A  constant  load  is  necessary  if  a  constant  potential  is  to  be 
used.  If  the  load  is  variable,  a  constant-current  generator,  forms 
of  which  are  described  in  "  Types  of  Dynamo-Electric  Machinery", 
or  a  special  regulating  device  is  necessary.  Such  devices  are  con- 
stant-current transformers  and  constant-current  regulators  as  ap- 
plied to  alternating-current  circuits. 

The  series  system  is  used  mostly  for  arc  and  incandescent 
lamps  when  applied  to  street  illumination.  Its  advantages  are 
simplicity  and  saving  of  copper.  Its  disadvantages  are  high  volt- 
age, fixed  by  the  number  of  lamps  in  series;  size  of  machines  is 
limited  since  they  cannot  be  insulated  for  voltage  above  about 
0,000;  a  single  open  circuit  shuts  down  the  whole  system. 

Alternating-current  series  distribution  systems  are  being  used 
to  a  very  large  extent.  By  the  aid  of  special  transformers,  or  regu- 
lators, any  number  of  circuits  can  be  run  from  one  machine  or  set 
of  bus  bars,  and  apparatus  can  be  built  for  any  voltage  and  of  any 
size.  It  is  not  customary,  however,  to  build  transformers  of  this 
type  having  a  capacity  greater  than  100,  G.G-ampere  lamps. 

The  constant-current  transformer  most  in  use  for  lijjfhtinor 
purposes  is  the  one  manufactured  by  the  General  Electric  Company 
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and  commonly  known  as  a  '•  tub  "  transformer.  Fig.  30  shows 
such  a  transformer  when  removed  from  the  case,  and  Fig.  29  gives  a 
diagram  of  the  connection  of  a  single-coil  transformer  in  service. 
Keferring  to  Fig.  30,  the  fixed  coils  A  form  the  primaries 
which  are  connected  across  the  line;  the  movable  coils  B  are  the 
secondaries  connected  to 


the  lamps.  There  is  a  re- 
pulsion of  the  coils  B  by 
the  coils  A  when  the  cur- 
rent flows  in  both  circuits 
and  this  force  is  balanced 
by  means  of  the  weights 
at  W,  so  that  the  coils  B 
take  a  position  such  that 
the  normal  current  will 
flow  in  the  secondary.  On 
light  loads,  a  low  voltage 
is  sufficient,  hence  the  sec- 
ondary coils  are  close 
together  near  the  middle 
of  the  machine  and  there 
is  a  heavy  magnetic  leak- 
age. When  all  of  the  lamps 
are  on,  the  coils  take  the 
position  shown  when  the 
leakage  is  a  minimum  and 


the  voltage  a  maximum. S 
AVhen  first  starting  up,  they 
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PRIMARY  PLUG  SWITCH 


igup,  Liiey 
transformer  is  short-cir-  | 
cuited   and   the  secondary 
coils    brought    close    to- 
gether.    The  short  circuit  is  then  removed  and   the  coils  take  a 
position  corresponding  to  the  load  on  the  line. 

These  transformers  regulate  from  full  load  to  \  rated  load 
within  J^  ampere  of  normal  current,  and  can  be  run  on  short 
circuit  for  several  hours  without  overheating.  The  efficiency  is 
given  as  96%  for  100-light  transformers  and  94.6%  for  50-light 
transformers  at  full  load.     The  power  factor  of  the  system  is  from 
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76  to  78%  on  full  load,  and,  owing  to  the  great  amount  of  magnetic 
leakage  at  less   than   full  load,  the   effect  of  leakage    being  the . 
same  as  the  effect  of  an  inductance  in  the  primary,  the  power  factor 
is  greatly  reduced,  falling  to  62%  at  |  load,  44%  at  -§  load,  and 
24%  at  1  load. 

Standard  sizes  are  for  capacities  of  25,  35,  50,  75,  and  100,  6.6 
ampere  enclosed  arcs.  The  low  power  factor  of  such  a  system  on 
light  loads  shows  that  a  transformer  should  be  selected  of  such  a 
capacity  that  it  will  be  fully  or  nearly  fully  loaded  at  all  times. 
The  primary  winding  can  be 
constructed  for  any  voltage 
and  the  open  circuit  voltages 
of  the  secondaries  are  as  fol- 
lows: 

25  light  transformer,  2300  volts. 
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The  50-,  75-,  and  100-light 
transformers  are  arranged  for 
multiple  circuit  operation, 
two  circuits  used  in  multiple, 
and  the  voltages  at  full  load 
reach  4,100  for  each  circuit  on 
the  100-light  machine. 

The  second  system,  used 
for  series  distribution  on 
alternating-current  circuits? 
consists  of  a  constant-potential  transformer,  stepping  down  the 
line  voltage  to  that  required  for  the  total  number  of  lamps  on  the 
system,  allowing  83  volts  for  each  lamp,  and  in  series  with  the 
lamps  is  a  reactive  coil,  the  reactance  of  which  is  automatically 
regulated,  as  the  load  is  increased  or  decreased,  in  order  to  keep  the 
current  in  the  line  constant.  Fig.  31  shows  such  a  regulator  as 
manufactured  by  the  General  Incandescent  Arc  Light  Company^ 
and  Fig.  32  shows  this  regulator  connected  in  circuit.  The  in- 
ductance  is  varied  by  the  movement  of  the  coil  to  include  more  or 
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A.C.C.P  CIRCUIT 


SWITCH  PANEL 


C.P.  STEP  UP 

OR  STEP  DOWN 

TRANSFORMER 


less  irou  in  the  magnetic  circuit.  Since  the  inductance  in  series 
with  the  lamps  is  high  on  light  loads,  the  power  factor  is  greatly 
reduced  as  in  the  constant-current  transformer;  and  the  circuits 
should,  preferably,  be  run  fully  loaded.  (30  to  65  lamps  on  a  circuit 
is  the  maximum  limit. 

While  used  primarily  for  arc-light  circuits,  the  same  systems, 
designed  for  lower  currents,  are  very  readily  applied  to  series  in- 
candescent systems. 

Multiple=series  and  series=multiple  systems  combine  several 
lamps  in  series  and  these  groups  in  multiple,  or  several  lamps  in 

multiple  and  these  groups  in  series, 
respectively.  They  have  but  a  lim- 
ited application. 

Multiple  or  Parallel  Systems  of 
Distribution.  By  far  the  largest 
number  of  lamps  in  service  are  con- 
nected to  parallel  systems  of  distribu- 
tion. In  this  system,  the  units  are 
connected  across  the  lines  leadinof  to 
the  bus  bars  at  the  station,  or  to  the 
secondaries  of  constant-potential 
transformers.  Fig;.  33  shows  a  dia- 
gram  of  ten  lamps  connected  in 
parallel.  The  current  delivered  by 
the  machine  depends  directly  on  the 
number  of  lamps  connected  in  service, 
the  voltage  of  the  system  being  kept 
constant. 

Inasmuch  as  the  How  of  current 
in  a  conductor  is  always  accompanied 
by  a  fall  of  potential  equal  to  the 
product  of  the  current  flowing,  into 
the  resistance  of  the  conductor,  the  lamps  at  the  end  of  the  system 
shown  will  not  have  as  high  a  voltage  impressed  upon  them  as 
those  nearer  the  machine.  This  drop  in  potential  is  the  most 
serious  obstacle  that  we  have  to  overcome  in  multiple  systems,  and 
various  schemes  have  been  adopted  to  aid  in  this  regulation.  The 
systems  may  be  classified  as: 
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Fig.  33. 


First,  Cylindrical  Conductors,  parallel  feeding. 
Second,  Conical  "  "  " 

Third,  Cylindrical         "  anti-parallel  feeding. 

Fourth,  Conical  "  «  " 

In  the  cylindrical  conductor,  parallel-feeding  system,  the  con- 
dnctors,  A,  B,  C,  D,  Fig.  33,  are  of  the  same  size  throughout  and 
are  fed  at  the  same  end  by  the  generator.  The  voltage  is  a  min- 
imum at  the  lamps  E  and  a  maximum  at  the  lamps  F;  the  value 
of  the  voltage  at  any  lamp  being  readily  calculated. 

By  a  conical  or  tapering  conductor  is  meant  a  conductor 
whose  diameter  is  so  proportioned  throughout  its  length  that  the 
current,  divided  by  the 

cross-section  or  the  current    ^ Til — T — I — I — ,     ,     ,    ^. 

density,  is  a  constant  quan-    (o)  ^YtVVtVVVv  V^ 
tity.     Such  a  conductor  is      c  — — d 

approximated  in  practice 
by  using  smaller  sizes  of 
wire  as  the  current  in  the 
lines  becomes  less. 

In  an  anti-parallel  sys- 
tem, the  current  is  fed  to 
the  lamps  from  opposite 
ends  of  the  system  as  shown 
in  Ficr.  34. 

o 

MuItiple=Wire  Sys= 
terns.  In  order  to  take  ad- 
vantage of  a  higher  voltage  for  distribution  of  power  to  the  light- 
ing circuits,  three-  and  five-wire  systems  have  been  introduced,  the 
three- wire  system  being  used  to  a  very  large  extent.  In  this  sys- 
tem, three  conductors  are  used,  the  voltage  from  each  outside 
conductor  and  the  middle  neutral  conductor  beinor  the  same  as  for 
a  simple  parallel  system.  Fig.  35  gives  a  diagram  of  this.  By 
this  system  the  amount  of  copper  required  for  a  given  number  of 
lamps  is  from  five-sixteenths  to  three-eighths  of  the  amount 
required  for  a  two-wire  distribution,  depending  on  the  size  of  the 
neutral  conductor.  The  saving  of  copper  together  with  the  disad- 
vantages of  the  system  is  more  fully,  treated  in  the  paper  on 
Power  Transmission. 


Fig.  3i. 


Fig.  35. 
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ILLUniNATION. 

llluuiination  may  be  defined  as  the. quality  and  quantity  of 
light  which  aids  in  the  discrimination  of  outline  and  the  percep- 
tion of  color.  Not  only  the  quantity,  but  the  quality  of  the  light, 
as  well  as  the  arrangement  of  the  units,  must  be  considered  in  a 
complete  study  of  the  subject  of  illumination. 

The  Unit  of  Illumination  is  the  candle-fout  and  its  value  is 
the  amount  of  light  falling  on  a  surface  at  a  distance  of  one  foot 
from  a  source  of  light  one  candle-power  in  value.  The  law  of  in- 
verse squares,  namely,  that  the  illumination  from  a  given  source 
varies  inversely  as  the  square  of  the  distance  from  the  source, 
shows  that  the  illumination  at  a  distance  of  two  feet  from  a  sin- 
gle candle-power  unit  is  .25  candle-foot.  For  further  considera- 
tion of  the  law  of  inverse  squares,  see  "  Photometry  ". 

Illumination  may  be  classified  as  useful  illumination,  when 
used  for  the  ordinary  purposes  of  furnishing  light  for  carrying  on 
work,  taking  the  place  of  daylight,  and  scenic  illumination.  The 
latter  applies  to  all  forms  of  decorative  lighting  such  as  stage 
lighting,  etc.  The  two  divisions  are  not,  as  a  rule,  distinct,  but 
the  one  is  combined  with  the  other. 

Intrinsic  Brightness.  By  intrinsic  brightness  is  meant  the 
amount  of  light  emitted  per  unit  surface  of  the  light  source.  Table 
B  gives  the  intrinsic  brightness  of  several  light  sources. 

TABLE  3. 

Intrinsic  Brilliancies  in  Candle=Power  per  Square  Inch. 

Source                                 Brilliancy  Notes. 

Sun  in  zenith ^'^\    Rough   equivalent  values,  taking 


account  of  absorption. 


Sun  at  30  degrees  elev 500,000 

Sun  on  horizon 2,000 

Arc  light 10,000  to  100,000      Maximum  about  200,aX)  in  crater 

Calcium  light 5,000 

Nernst  "glower" 1,000      Unshaded, 

Incandescent  lamp 200-300      Depending  on  efficiency. 

Enclosed  arc 75-100      Opalescent  inner  globe. 

Acetylene  flame 75-100 

Welsbach  light 20  to  25 

Kerosene  light 4  to  8      Variable. 

Candle 3  to  4 

Gas  flame 3  to  8      Variable. 

Incandescent  (frosted) 2  to  5 

Opal  shaded  lamps,  etc 0.5  to  2 
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Regular  Reflection.  Eegular  reflection  is  the  term  applied  to 
reflection  of  light  when  the  reflected  rays  are  parallel.  It  is  of  such 
a  nature  that  the  image  of  the  light  source  is  seen  in  the  reflection. 
The  reflection  from  a  plane  mirror  is  an  example  of  this.  It  is  use- 
ful in  lighting  in  that  the  direction  of  light  may  be  changed 
without  complicating  calculations  aside  from  deductions  necessary 
to  compensate  for  the  small  amount  of  light  absorbed. 

Irregular  Reflection,  or  diffusion,  consists  of  reflection  in 
which  the  reflected  rays  of  light  are  not  parallel  but  take  various 
directions,  thus  destroying  the  image  of  the  light  source.  Hough, 
unpolished  surfaces  give  such  reflection.  Smooth,  unpolished  sur- 
faces generally  give  a  combination  of  the  two  kinds  of  reflection. 
DilTused  reflection  is  very  important  in  the  study  of  illumination 
inasmuch  as  diffused  light  plays  an  important  part  in  the  lighting 
of  interiors.  This  form  of  reflection  is  seen  in  many  photometer 
screens.  Light  is  also  diffused  when  passing  through  semi- 
transparent  shades  or  screens. 

In  considering;  reflected  lioht,  we  rind  that,  if  the  surface  on 
which  the  light  falls  is  colored,  the  reflected  light  may  be  changed 
in  its  nature  by  the  absorption  of  some  of  the  colors.  Since,  as  has 
been  said,  in  interior  lighting  the  reflected  light  forms  a  large  part 
of  the  source  of  illumination,  this  illumination  will  depend  upon 
the  nature  and  color  of  the  reflecting  surfaces. 

"Whenever  light  is  reflected  from  a  surface,  either  by  direct  or 
diffused  reflection,  a  certain  amount  of  light  is  absorbed  by  the 
surface.  Table  4  gives  the  amount  of  white  light  reflected  from 
different  materials. 


TABLE  4. 

Material. 

White  blotting  paper „ . .  o ........     .82 

White  cartridge  paper 80 

Chrome  yellow  paper , , .     .62 

Orange  paper 50 

Yellow  wall  paper .40 

Light  pink  paper 36 

Yellow  cardboard 30 

Light  blue  cardboard , 25 

Emerald  green  paper 18 

Dark  brown  paper 13 

Vermilion  paper 12 

Blue-green  paper 12 

Black  i)aper 05 

Black  cloth 012 

Black  velvet , 004 
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From  this  table  it  is  seen  that  the  light-colored  papers 
reflect  the  light  well,  but  of  the  darker  colors  only  yellow  has  a 
comparatively  high  coefficient  of  reflection.  Black  velvet  has  the 
lowest  value,  but  this  only  holds  when  the  material  is  free  from 
dust.  Ilooms  with  dark  walls  require  a  greater  amount  of  illu- 
minating power,  as  will  be  seen  later. 

Useful  illumination  may  be  considered  under  the  following 
heads  : 

1.  Residence  Lightinf^. 

2.  Lighting  of  Public  Halls,  Offices,  Drafting  Rooms,  Shops,  etc. 

3.  Street  Lighting. 

RESIDENCE    LIGHTING. 

Type  of  Lamps.  The  lamps  used  for  this  class  of  lighting  are 
limited  to  the  less  powerful  units,  namely,  incandescent  or  Kernst 
lamps  varying  in  candle-power  from  8  to  32  per  unit.  These 
should  always  be  shaded  so  as  to  keep  the  intrinsic  brightness  low. 
The  intrinsic  brilliancy  should  seldom  exceed  2  to  3  candle-power 
per  square  inch,  and  its  reduction  is  usually  accomplished  by  appro- 
priate shading.  Arc  lights  are  so  powerful  as  to  be  uneconomical 
for  small  rooms,  while  the  color  of  the  mercury-vapor  light  is  an 
additional  objection  to  its  use. 

Plan  of  Illumination.  Lamps  may  be  selected  and  so  located 
as  to  givje  a  brilliant  and  fairly  uniform  illumination  in  a  room; 
but  this  is  an  uneconomical  scheme,  and  the  one  more  commonly 
employed  is  to  furnish  a  uniform,  though  comparatively  weak, 
ground  illumination,  and  to  reinforce  this  at  points  where  it  is 
necessary  or  desirable.  The  latter  j)lan  is  satisfactory  in  almost 
all  cases  and  the  more  economical  of  the  two. 

"While  the  use  of  units  of  different  power  is  to  be  recom- 
mended, where  desirable,  lig-hts  differing  in  color  should  not  be 
used  for  licrhting;  the  same  room.  As  an  exaogerated  case,  the 
use  of  arc  with  incandescent  lamps  might  be  mentioned.  The  arcs 
being  so  much  whiter  than  the  incandescent  lamps,  the  latter  ap- 
pear distinctly  yellow  when  the  two  are  viewed  at  the  same  time. 

Calculation  of  Illumination.  In  determininp;  the  value  of 
illumination,  not  only  the  candle-power  of  the  units,  but  the 
amount  of  reflected  light  must  be  considered  for  the  given  location 
of  the  lamps.     Following  is  a  formula  based  on   the  coefficient  of 
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reflection  of  the  walls   of  tlie  room,   wliich  serves  for  preliminary 
calculations : 


('.]). 


I  =  Illumination   in  candle-feet. 
c.p.  =  Caudle-power  of  the  unit. 
k  =  Coefficient  of  reflection  of  the  walls. 
(I  =  distance  from  the  unit  in  feet. 

Where  several  units  of  the  same  candle-power  are  used  this 
formula  becomes 

111  1 


I  =  -7-  (^  -r  ;^ 


/■-'.,    '  'n~k 


or,  c.p. 


where  d,  </„  d.^,  etc.,  equal  the  distances  from  the  point  considered 
to  the  various  light  sources.  If  the  lamps  are  of  different  candle- 
power,  the  illumination  may  be  determined  by  combining  the  illu- 
mination from  each  source  as  calculated  separately.  An  example 
of  calculation  is  given  under  "  Arrangement  of  Lamps  ". 

It  is  readily  seen  that  the  effect  of  reflecfed  light  from  the 
ceilings  is  of  more  importance  than  that  from  the  floor  of  a  room. 
The  value  of  l;  in  the  above  formula,  will  vary  from  60^^  to  10%, 
but  for  rooms  with  a  fairly  light  finish  50^  may  be  taken  as  a 
good  average  value. 

The  amount  of  illumination  will  depend  on  the  use  to  be 
made  of  the  room.  One  candle-foot  gives  sufficient  illumination 
for  easy  reading,  when  measured  normal  to  the  page,  and  probably 
an  illumination  of  .5  candle-foot  on  a  plane  3  feet  from  the  floor 
forms  a  sufficient  ground  illumination.  The  illumination  from 
sunlight  reflected  from  white  clouds  is  from  20  candle-feet  up, 
while  that  due  to  moonlight  is  in  the  neighborhood  of  .03  candle- 
foot.     It  is  not  possible  to  produce  artificially  a  light  equivalent  to 
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daylight  on  account  of  the  great  amount  of  energy  that  would  be 
required  and  the  difficulty  of  obtaining  pro])er  diffusion. 

Arrangement  of  Lamps.  An  arrangement  of  lamps  giving 
a  uniform  illumination  cannot  be  well  applied  to  residences  on  ac- 
count of  the  number  of  units  required,  and  the  inartistic  effect. 
We  are  limited  to  chandeliers,  side  lights,  or  ceiling  lights,  in  the 
majority  of  cases,  with  table  or  reading  lamps  for  special  illumi- 
nation. 

AVhen  ceiling  lamps  are  used  and  the  ceilings  are  high,  some 
form  of  reflector  or  reflector  lamp  is  to  be  recommended.  In  any 
case  where  the  coefficient  of  reflection  of  the  ceilings  is  less  than 
40%,  it  is  more  economical  to  use  reflectors.  When  lamps  are 
mounted  on  chandeliers,  the  illumination  is  far  from  uniform,  be- 
incp  a  maximum  in  the  neighborhood  of  the  chandelier  and  a  min- 
imnm  at  the  corners  of  the  room.  By  combining  chandeliers 
with  side  lights  it  is  generally  possible  to  get  a  satisfactory  arrange- 
ment of  lighting  for  small  or  medium-sized  rooms. 

As  a  check  on  the  candle-power  in  lamps  required,  we  have 
the  following: 

For  brilliant  illumination  allow  one  candle-power 
per  two  scjuare  feet  of  floor  space.  In  some  particu- 
lar cases,  such  as  ball  rooms,  this  may  be  increased 
to  one  candle-power  per  square  foot. 

For  general  illumination  allow  one  candle- 
power  for  four  square  feet  of  floor  space,  and 
strengthen  this  illumination  with  the  aid  of  special 
lamps  as  required.  The  location  of  lamps  and  the 
height  of  ceilings  will  modify  these  figures  to  some 
extent. 

As  an  example  of  the  calculation  of  the 
illumination  of  a  room  with  different  arrange-  -, 
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ments  of  the  units  of  light,  assume  a  room 

IG  feet  square,  12  feet  high,  and  with  walls 

having   a   coetKcient  of   reflection    of    50%.  pjg  3(j_ 

Consider  first  the  illumination  on  a  plane  3 

feet    above    the  floor  when   lighted  by  a  single  group    of  lights 

mounted  at  the  center  of  the  room  3  feet  below  the  ceiling.      If  a 

minimum  value  of  .5  candle-foot  is  required  at  the  corner  of  the 

room  we  have  the  equation 
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.0  =  c.2>. 


12.8- 


X 


.0 


«ince  d  ==1/8^  +  8^  +  6^'     =  12.8     (see  Fig.  36) 
Solving  the  above  for  the  value  of  c.p,,  we  have 

.5 


c.2>- 


-:  .5  X  82 


41 


X 


164  .0 

Thive  li)-c'andle-power  lamps  would  serve  this   ])nrpose  very 
well. 

Determiuino;    the    illuininatiou     directly 
under  the  lamp,  we  have: 

1 

"6^ 


1  =  48  X 


X 


1       _  48        ^  _ 


2.7  candle-feet,  or  five  times  the  value  of  the 
illumination  at  the  corners  of  the  room. 

Next  consider  four  8 -candle-power  lamps  ^'^ 
located   on  the  side  walls  8  feet   above    the 
floor  as  shown  in  Fig.  87.     Calculatinor  the 
illumination  at  the  center  of  the  room  on  a 
plane  three  feet  above  the  floor,  we  have: 


1 

H'  -f  5- 


I  =8(^^  + 


+  o7 


I  =  8  X 


89     '    89      '     89 
64  +  25  =  89 
4 


1-.5 


Fig.  37. 
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9    — 


72   candle-foot. 


The  illumination  at  the  corner  of  the  room  would  be: 


8(- 


1 


1 


^    89    ^    1345  ^    845  M  -  .5 


89      '      89      '     845 

2  "^ 

=  8(^—  +  — ^  )  X  2  =  .45  candle-foot. 
89  84o  ^ 

In  a  similar  manner  the  illumination  may  be  calculated  for 
any  point  in  the  room,  or  a  series  of  points  may  be  taken  and  curves 
plotted  showing  the  distribution  of  the  light,  as  well  as  the  areas 
having  the  same  illumination.  "Where  refined  calculations  are  de- 
sired, the  distribution  curve  of  the  lamp  must  be  used  for  deter- 
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mining  the  candle-power 
in  different  directions. 
Fig.  88  shows  ilhiiuina- 
tion  curves  for  the  Merid- 
ian lamp  manufactured 
by  the  (Teneral  Electric 
Company.  This  is  a  form 
of  reflector  lamp  made  in 
two  sizes,  25  or  50  candle- 
power.  Fig.  39  gives  the 
distribution  curves  for  the 
50-candle-power  unit. 
Similar  incandescent 
lamps  are  now  being 
manufactured  by  other 
companies. 

Table  5  gives  desirable 
data  in  connection  with 
the  use  of  the  Meridian 
lamp. 

By  means  of  the  Weber, 
or  some  other  form  of 
portable  photometer,  curves  as  plotted  from  calculations  may  be 
readily  checked  after  the  lamps  are  installed.  "When  lamps  are  to 
be  permanently  located,  the  question  of  illumination  becomes  an 

TABLE  5. 
Illuminating  Data  for  Meridian  Lamps. 


Fig.  38. 


Lif,'ht 

Intensity 

in  Candie- 

feet. 

No.  1  Lamp  (60  Watts) 

No.  2  Lamp  ( 1 20  Watts) 

Watts 
per  Sq.  Ft. 
of  Area 
Lighted 
With 
Either 
Lamp. 

Class  Service. 

HeiKhtof 
Lamp  and 
Diameter 
of  Uni- 
formly 
Ivighted 
Area. 

2.9  feet. 

3  5    " 

4  " 

Distance 
between 

Lamps 
When  Two 

or  More 
are  Used. 

HeiKhtof 
Lamp  and 
Diameter 
of  Uni- 
formly 
Lighted 
Area. 

Distance 
Betwet'n 

liamps 
When  Two 

or  More 
are  Used. 

De.sk  or  Reading 
Table. 

3 

2 
1^ 

4.9  feet. 

6 

7       " 

4  feet. 

5  " 
5.75  " 

7    feet. 
8.5    " 
9.8    " 

2.50 
1.66 
1.25 

General  Lighting. 

1 

5       " 
5.75  " 

7 

8.5    " 
9.8    " 
12 

7       " 
8.2     " 
10 

12       " 
13.9    " 
11 

0.83 
0.62 
0.41 
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important  one,  and  it  is  custoniaiy  to -determine,  by  calculation, 
the  illumination  curves  and  the  isophotals,  Ficr.  38,  as  the  lines 


Fig.  38. 


showing  equal  illumination  are  called,  for  each  room  before  install- 


30°  20°  10' 


10°  20°  30° 


Fig.  39. 


ing   the   lamps.     This  applies  to  the  lighting  of  large  interiors 
more  particularly  than  to  residence  lighting. 


829 


48  ELECTRIC  LIGHTING 


Dr.  Louis  Bell  gives   the  following  in    connection  with  resi- 

TABLE  6. 


ience  lighting 


Sq.  ft. 

Room.  8  c.p.     16  c.p.    .^2  c.p.  per  c.p.      Remarks. 

Hall,  15'  X  20' 8                                      4.7 

Library,  20'  X  20'. 12                           1          3.1        8-c.p.   reflector 

Reception  room,  15'  X  15' 4                                      7.0                     [lamps. 

Music  room,  20'  X  25' 12                          2          3.0 

Dining  room,  15'  X  20' It                                     2.7      8  reflect'r  lamps 

Billiard  room,  15'  X  20' 4          2.3      32-c.p.  with  re- 
Porch 1                                 [flectors. 

Bedrooms  (6),  15'  X  15' U                       7.0 

Dressing  rooms  (2;,  10'  X  15'. .  4                        4.7 

Servants'  rooms  (3),  10'  X  15'. .  3                        9.4 

Bathrooms  (3),  8'  X  10' 3                       5.0 

Kitchen,  15'  X  15'  >  o 

Pantry,    10'  X   15'  f 

Sr[ ■!»             » 

Clo.sets  (4) 4                                                Reflector  lamps 


Total 64  30 


LIGHTING  OF  PUBLIC  HALLS,  OFFICES,  ETC. 

Lighting  of  public  halls  and  other  large  interiors  differs  from 
the  illumination  of  residences  in  that  there  is  usually  less  reflected 
light,  and,  ao-ain,  the  distance  of  the  light  sources  from  the  plane 
of  illumination  is  generally  greater  if  an  artistic  arrangement  of 
the  lights  is  to  be  brought  about.  This  in  turn  reduces  the  direct 
illumination.  The  primary  object  is,  however,  as  in  residence 
lighting,  to  produce  a  fairly  uniform  ground  illumination  and  to 
superimpose  a  stronger  illumination  where  necessary.  An  illlu- 
mination  of  .5  candle-feet  for  the  ground  illumination  may  be 
taken  as  a  minimum. 

In  the  lighting  of  large  rooms  it  is  permissible  to  use  larger 
light  units,  such  as  arc  lamps  and  high  candle-power  Nernst  or 
incandescent  units,  while  for  factory  lighting  and  drafting  rooms, 
where  the  color  of  the  light  is  not  so  essential,  the  Cooper  Hewitt 
lamp  is  being  introduced.  High  candle-power  reflector  lamps, 
such  as  the  Meridian  lamp,  are  being  used  to  a  large  extent  for 
oftices  and  drafting  "rooms. 

The  choice  of  the  type  of  lamp  depends  on  the  nature  of  the 
work.      Where  the  light  must   be  steady,   incandescent  or  Kernst 
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lamps  are  to  be  preferred  to  the  arc  or  vapor  lamps,  though  the 
latter  are  often  the  more  efhcient.  When  arcs  are  used,  they  must 
be  carefully  shaded  so  as  to  diffuse  the  light,  doing  away  with  the 
strong  shadows  due  to  portions  of  the  lamp  mechanism,  and  to  re- 
duce the  intrinsic  brightness.  Such  shading  will  be  taken  up 
under  the  heading  '•  Shades  and  Reflectors  ".  Arcs  are  preferable 
to  incandescent  lamps  when  colored  objects  are  to  be  illuminated, 
as  in  stores  and  display  windows. 

In  locating  lamps  for  this  class  of  lighting,  much  depends  on 
the  nature  of  the  building  and  on  the  degree  of  economy  to  be  ob- 
served.  For  preliminary  determination  of  the  location  of  groups, 
or  the  illumination  when  certain  arrangement  of  the  units  is 
assumed,  the  principles  outlined  under  "  Residence  Lighting" 
may  be  applied.  It  has  been  found  that  actual  measurements 
show  results  approximating  closely  suxih  calculated  values. 

When  arcs  are  used  they  should  be  placed  fairly  high,  twenty 
to  twenty-five  feet  when  used  for  general  illumination  and  the 
ceilings  are  high.  They  should  be  supplied  with  reflectors  so  as 
to  utilize  the  light  ordinarily  thrown  upwards.  When  used  for 
drafting-room  work,  they  should  be  suspended  from  twelve  to  fif- 
teen feet  above  the  floor,  and  special  care  must  be  taken  to  diffuse 
the  light. 

Incandescent  lamps  may  be  arranged  in  groups,  either  as  side 
lights  or  mounted  on  chandeliers,  or  they  may  be  arranged  as  a 
frieze  running  around  the  room  a  few  feet  below  the  ceiling.  The 
last  named  arrangement  of  lights  is  one  that  may  be  made  artistic, 
but  it  is  uneconomical  and  when  used  should  serve  for  the  ground 
illumination  only.  Reflector  lights  may  be  used  for  this  style  of 
work  and  the  lights  may  be  entirely  concealed  from  view,  the  re- 
flecting property  of  the  walls  being  utilized  for  distributing  the 
light  where  needed. 

Ceiling  lights  should  preferably  be  supplied  with  reflectors, 
especially  when  the  ceilings  are  high. 

Measurements  taken  in  well-lighted  rooms  havino-  a  floor 
space  of  from  1,000  to  5,000  square  feet  show  an  average  of  3  to 
3.5  square  feet  per  candle-power.  About  2.5  square  feet  per  can- 
dle-power should  be  allowed  when  brilliant  lighting  is  required  or 
the  ceilings  are  very  high,  while  3.75  square  feet  per  candle  power  • 
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will  give  good  ilhiininatioii  when  lights  are  well  distributed  and 
there  is  considerable  reflected  lioht. 

In  factory  and  drafting  room  lighting,  the  lamps  must  be  ar- 
ranged to  give  a  strong  light  where  most  needed,  and  located  to 
prevent  such  shadows  as  would  interfere  with  the  work. 

Followinor  are  tables  showino;  the  number  and  distribution  of 
arc  and  mercury-vapor  lamps  for  lighting  large  rooms.  Table  7 
refers  to  arc  lights  as  actually  installed. 

TABLE  8. 
Lighting  Data  for  Cooper=Hewitt  Lamps. 

Draftiiuj  Room.  2,140  sq,  ft.  8  V-5  lamps. 

265  s(|.  ft.  per  lamp.  8  X  3.3  amperes  =  2G.5  amp. 

voltage  110.  80  sq.  ft.  per  amp. 

Office,  1,100  sq.  ft.  3  11-4  lamps. 

366  sq.  ft.  per  lamp.  3x3.3  amp.  =  10  amp. 

voltage  110.  110  sq.  ft.  per  amp. 

Factory.  12,000  sq.  ft.  30  V^4  lamps. 

400  sq.  ft.  per  lamp.  30x1.7  amp.  =  51  amp. 

■voltage  110. 

STREET  LIGHTING. 

In  studying  the  lighting  of  streets  and  parks,  we  find  that, 
except  in  special  cases,  such  as  narrow  streets  and  high  buildings, 
there  is  no  reflected  light  which  aids  the  illumination  aside  from 
that  due  to  special  shades  or  reflectors  on  the  lamp  itself.  Such 
reflectors  are  necessary  if  the  light  ordinarily  thrown  above  the 
horizontal  plane  is  to  be  utilized. 

In  calculating  the  illumination  due  to  any  type  of  lamp  at  a 
given  point  it  is  necessary  to  know  the  distribution  curve  of  the 
lamp  used  and  the  distance  to  the  point  illuminated.  The  approxi- 
mate illumination  is  given  by  the 
formula, 


I 


c.j>. 


-i^^ 


W  +  t?' 

when  I  =  illumination  in  candle-  ,,.     ,,, 

I  ig.  40. 

feet. 

c.jp.  =  candle-power  of  the  unit,  determined  from  the  distri- 
bution  curve  of  the  lamp. 
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Pig.  41. 


,0   50°   40' 


//  =  distance  the  lamp  is  mounted  above  the  ground,  in  feet, 
and  d  --  distance  from  the  base  of  the  pole  supporting  the  lamp 
to  the  point  where  the  illu- 
mination is  being  considered. 
See  Fig.  40. 

While  this  will  give  the 
illumination  in  candle-feet, 
the  nature  of  the  lighting 
cannot  be  decided  from  this 
alone,  but  the  total  amount  of 
light  must  also  be  considered. 
Thus,  a  street  lighted  with 
powerful  units  and  giving  a 
minimum  illumination  of  .05  candle-foot  would  be  considered  better 
illuminated  than  one  having  smaller  units  so  distributed  as  to  give 

the  same  minimum  value. 

Since  a  uniform  dis- 
tribution of  light  is  de- 
cs 

•  sirable,  for  economic 
reasons,  the  ideal  distri- 
bution curve  of  a  lamp 
for  street  lighting  would 
be  a  curve  which  shows 
a  low  value  of  candle- 
power  thrown  directly 
downward,  but  with  the 
candle-power  increasing 
as  we  approach  the  hori- 
zontal. Such  an  ideal 
distribution  curve  is 
shown  in  Fig.  41. 

Actual  distribution 
curves  taken  from  com- 
mercial arc  lamps  are 
given  in  Fig.  42,  in 
which 


Fig.  42. 


Curve  A  shows  distribu- 


tion curvo  for  a  H.O  ampere,  open,  direct-current  arc. 

Curve  B  shows  distribution  curve  for  a  6.6  ampere,  D.C.  enclo.sed  arc. 
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Curve  C  shows  distribution  curve  for  a  7.5-ampere,  A.C.  enclosed  arc. 
Globes  used  withB  and  C  are  opal,  inner  globes,  clear,  outer  globes. 
Globes  used  with  A  are  clear  outer  globes. 
A  street  reflector  was  used  with  the  enclosed  arcs. 

A    series  of  curves  known  as  ilhunlnation    curves    may  bo 
readily  calculated  showing  the  illumination  in  candle-feet  at  given 


■-SE- 


•X3ad  anoNVO 
Fig.  43. 


XVW  'BAV 


distance  from  the  foot  of  the  pole  supporting  the  lamp.  Illumi- 
nation curves  corresponding  to  the  distribution  curves  in  Fig.  42 
are  given  in  Fig.  43  where  A',  B',  and  C'  correspond  to  A,  B,  and 
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C  in  Fig.  42.  These  curves  correspond  to  actual  readings  taken 
with  commercial  lamps.  Similar  curves  for  incandescent  lamps 
are  shown  in  Fio-.  44.  A  value  of  .03  candle-foot  is  about  the 
minimum  for  good  street  lighting.  Open  arcs  should  be  placed 
at  least  25  feet  above  the  ground;  30  to  40  feet  is  better,  especially 
if  the  space  to  be  illuminated  is  quite  open.  With  enclosed  arcs 
it  is  often  advantageous  to  ])lace  them  as  low  as  IS  to  20  feet  from 
the  ground.  Table  9  gives  the  distance  between  lights  for  dif- 
ferent types  of  arcs  for  good  illumination. 


TABLE  9. 


Kind  of  Light. 
6.6-ampere  enclosed  D.C.  arc. 

9.6-ampere  open  D.C.  arc 

6.6-ampere  enclosed  A.C.  arc. 
6.6-ampere  open  D.C.  arc 


Distance 
between  Lights. 
340  Feet. 
315    " 
275    " 
260    " 


Lights 
Per  Mile. 
15 
17 
19 
20 


In  considering  the  type  of  arc  light  to  be  used  we  must  turn 
to  the  illumination  curves  as  shown  in  Fig.  43.     These  curves 

show  that  the  illumination  from  a 
direct-current  open  arc  in  its  present 
form  is  superior  to  that  from  a  direct- 
current  enclosed  arc,  taking  the  same 
amount  of  power,  in  the  vicinity  of 
the  pole,  but  at  a  distance  of  100  feet, 
the  illumination  from  the  enclosed 
arc  is  better.  This  illumination  is 
still  more  effective  on  account  of  the  absence  of  such  strong  light 
as  is  given  by  the  open  arc  near  the  pole.  The  pupil  of  the  eye 
adjusts  itself  to  correspond  to  the  brightest  light  in  the  field  of 
vision,  and  we  are  unable  to  see  as  M'ell  in  the  dimly-lighted  section 
as  when  the  maximum  intensity  is  less.  The -characteristics  of  the 
open,  direct-current  arc  lamps  are  as  follows: 

The  mean  spherical  candle-power  and  energy  required  at  the  arc  ar« 
variable. 

Fluctuations  of  light  are  marked,  due  to  wandering  of  the  arc,  flick- 
ering due  to  the  wind  and  lack  of  uniformity  of  the  carbons. 

Dense  shadows  arc  cast  by  tlie  side  rods  and  the  lower  carbon,  while 
the  light  is  objectionably  strong  in  the  vicinity  of  the  pole. 

With  the  enclosed  arc  the  mean  spherical  candle-power  and  the  watts 
consumed  &*■  the  arc  are  fairly  constant. 
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Xo  shadows  are  cast  bj^  the  lamps,  and  the  illumination  is  not  subject 
to  such  wide  variations.  The  enclosed  arc  is  much  superior  to  the  open  arc 
using  the  same  amount  of  energy.  This  applies  to  the  open  arc  as  it  is  now 
used.  "With  proper  reflection  and  diffusion  of  the  light  such  as  might  be 
accomplished  bj-  extensive  or  special  shading,  we  ought  to  be  able  to  get  as 
good  distrilnition  from  the  open  arc  with  a  greater  total  amount  of  illumina- 
tion. 

In  comparing  the  direct-current  with  the  alternating<'urrent 
enclosed  arc,  we  see  that  the  direct-current  arc  gives  shghtly,  more 
light  than  the  alternating  lamp,  but  this  may  be  more  than  coun- 
terbalanced by  the  better  distribution  of  light  from  the  alternating- 
current  lamp.  The  selection  of  A.C.  or  D.C.  enclosed  lamps  will 
usually  depend  on  other  conditions,  such  as  method  of  distribution 
of  power,  efficiency  of  plant,  etc. 

Series  incandescent  lamps  are  used  considerably  for  lighting 
the  streets  in  residence  sections  of  cities  or  where  shade  trees  make 
it  impracticable  to  use  arcs.  •  These  var\'  in  candle-power  from  16 
to  50  or  even  higher,  and  are  usually  constructed  so  as  to  take 
from  two  to  four  amperes.  The  best  arrangement  of  these  is  to 
mount  them  on  brackets  a  few  feet  from  the  curb,  with  alternate 
lamps  on  opposite  sides  of  the  street.  The  distance  between  the 
lamps  depends  on  their  power.  50  candle-power  lamps  spaced 
100  feet  between  lamps,  give  a  minimum  illinnination  of  .02 
candle-foot.  25  candle-power  lamps  spaced 
75  feet  between  lamps  will  serA-e  where  econ-  L 

omy  is  necessary-. 

SHADES  AND  REFLECTORS. 

Lamps,  as  ordinarily  constructed,  do  not 
always  give  a  suitable  distribution  of  light, 
while  the  intrinsic  brio-htness  is  often  too 
high  for  interior  lightincr.  Shades  are  in- 
tended  to  modify  the  intensity  of  the  light, 
while  reflectors  are  used  for,  the  purpose  of 
changing  its  direction.  Frequently  the  two 
are  combined  in  various  ways.  Shades  are 
also  used  for  decorative  purposes,  but,  if 
possible,  these  should  be  of  such  a  nature  as  to  aid  illumination 
rather  than  to  reduce  its  efficiency. 


Fig.  45. 
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A  considerable  amount  of  light  is  absorbed  by  the  material 
used  for  the  construction  of  shades.  Table  10  shows  the  aj)proxi- 
mate  amount  absorbed  by  some  materials. 

Of  the  great  number  of  styles  of  shades  and  reflectors  in  use, 
only  a  few  of  the  more  important  will  be  considered  here, 

TABLE  10. 

Per  Cent 

Clear  glass 10 

Alabaster  glass 15 

Opaline  glass 20-40 

Gnnind  glass 25-.'J0 

Opal  glass , 25-60 

Milky  glass 30-GO 

Ground  glass 24.4 

Prismatic  glasB 20 . 7 

Opal  glass 32.2 

Opaline  glass 23 . 0 


Fig.  47. 


One  of  the  simplest  methods  of  shading  incandescent  lamps 
is  by  the  use  of  "frosted"  globes.  These  serve  to  reduce  the 
intrinsic  brightness  of  the  lamp,  and  should  be  freely  used  for  resi- 
dence lighting  when  separate  shades  are  not  installed.  Frosted 
globes  are  also  used  in  connection  with  reflectors  for  the  purpose  of 
diffusing  the  reflected  light.     The  McCreary  shade  as  shown  in 
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Fig.  45  is  an  example  of  such  a  combined  shade  and  reflector. 
Fig.  40  shows  the  distribution  curve  taken  from  an  incandescent 
lamp  using  a  McCreary  shade.     Fig.  47  shows  the  distribution 

Fig.  89  shows  the  distribution  of 


of  light  from  a  conical  shade 


Fig.  48. 

light  brought  about  by  means  of  a  spiral  filament  and  a  reflector 
as  used  in  the  Meridian  lamp. 

Holophane  globes  are  made  for  both  reflecting  and  diffusing 
the  light,  and  they  can  be  made  to  bring  about  almost  any  desired 
distribution  with  but  a  small  amount  of  absorption  of  light.  These 
consist  of  shades  of  clear  glass  having  horizontal  grooves  forming 
surfaces  which  change  the  direction  of  light  by  refraction  or  total 
reflection  as  is  necessary.  The  diffusion  of  light  is  effected  by 
means  of  deep,  rounded,  vertical  grooves  on  the  interior  surface  of 
the  globe.  While  these  globes  are  of  clear  glass  and  absorb  an 
amount  of  light  corresponding  to  clear  glass,  the  light  is  so  well 
diffused  that  the  filament  of  the  lamp  cannot  be  seen,  and  the  globe 
appears  as  if  made  of  some  semi-transparent  material.  The  ob- 
jections to  globes  of  this  type  are  their  high  cost  and  the  difticulty 
in  keeping  them  clean. 

Fig.  48  shows  an  enclosed  arc  lamp  fitted  with  a  concentric 
"diffuser."     This  shade  is  sometimes  applied  to  an  inverted  arc, 
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which  is  a  direct-current  arc  in  which  the  lower  carbon  is  made 
positive.  The  effect  of  this  combination  is  best  shown  in  Fig.  41). 
Fig.  50  shows  the  change  in  the  illumination  curve  produced  by 
such  shading.  Inverted  arcs  have  a  considerable  apj)lication  when 
the  light  may  be  readily  reflected  and  diffused  as  in  lighting  large 
rooms  M'ith  light  finish. 

Fig.  51  shows  another  form  of  adjustable  diffuser  which  flnds 
application  when  a  soft  light  is  required  for  a  definite  direction. 
This  shade  is  very  readily  adapted  to  shop  lighting. 


Fig.  49. 

The  use  of  opal  enclosing  globes  is  recommended  for  arc  lamps 
used  for  street  lighting  for  the  reason  that  they  change  the  dis- 
tribution of  the  light  so  that  it  covers  a  greater  area,  and  the  light 
is  so  diffused  as  to  obliterate  shadows  in  the  vicinity  of  the  lamp. 
Table  11  gives  the  efficiency  of  different  globe  combinations  for 
street  lighting  assuming  the  opal  inner  and  the  clear  outer  globes 
as  100%. 

TABLE  IL 

Opal  enclosing  and  clear  outer 100  per  cent. 

Clear        "  "    clear     "     91.2 

"  ■*  "    opal      "     85.1        " 

Opal         "  "    opal      " 82.7        " 
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PHOTOMETRY. 

Pliotonietry  is  the  art  of  comparing  the  illuminating  proper- 
ties of  liirlit  sources,  and  forms  one  branch  of  scientific  measure- 
nient.  Its  use  in  electric  illumination  is  to  determine  the  relative 
values  of  different  types  of  lamps  as  sources  of  illumination,  to- 
gether with  their  efficiency  ;  also  by  means  of  the  principles  of 
photometry,  we  are  able  to  study  the  distribution  of  illumination 
for  any  given  arrangement  of  light  sources. 

LAMPS    WITH   OPAL  SLASS    SHADES. 


LAMPS  WITH    CONCENTRIC   LIGHT   DirFUSERS. 


Fig.  50. 

Light  Standards.  Inpsmvch  as  sources  of  light  are  com- 
pared with  one  another  in  photometry,  M'e  must  have  some  stand- 
ard, or  unit,  to  which  all  light  sources  are  reduced.  This  unit  is 
usually  the  candle-power  and  the  rating  of  most  lamps  is  given 
in  candle-power. 

"While  the  candle-power  remains  the  unit  and  is  based  on  the 
standard  English  candle,  other  light  standards  have  been  intro- 
duced  and  are  much  more  desirable. 

The  English  Candle.  The  English  candle  is  made  of  sperm- 
aceti extracted  froin  crude  sperm  oil,  with  the  addition  of  a  small 
quantity  of  beeswax  to  reduce. the  brittleness.  Its  length  is  ten 
inches,  and  its  diameter  .9  inch  at  the  bottom  and  ,8  inch  at  the 
top,  and  its  weight  is  one-sixth  of  a  pound.     Great  care  is  taken 
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in  the  preparation  of  the  wick  and  spermaceti.  This  candle  burns 
with  a  normal  height  of  flame  of  45  millimeters  and  consumes 
120  grains  per  hour  when  burning  in  dry  air  at  normal  atmos- 
pheric pressure.  Under  these  conditions,  the  light  given  by  a 
single  candle  is  one  candle-power. 

"When  used  for  measurements,  the  candle  should  be  allowed 
to  burn  at  least  fifteen  minutes  before  taking  any  readings.  At 
the  end  of  this  period  the  wick  should  be  trimmed,  if  necessary, 


Fig.  51. 

and  when  the  flame  height  reaches  45  millimeters,  readincrs  can 
be  taken.  The  candle  should  not  require  trimming  when  the 
proper  height  of  flame  has  been  reached.  It  is  best  to  weigh  the 
amount  of  material  consumed  by  balancing  the  candle  on  a  proper- 
ly arranged  balance  when  the  first  reading  is  taken,  and  again  bal- 
ancing at  the  end  of  a  suitable  period — ten  to  fifteen  minutes. 
The  candle-power  of  the  unit  is  then,  practically,  directly  propor- 
tional to  the  amount  of  the  material  consumed. 

The  objections  to  the  candle  as  a  unit  are  that  it  burns  with 
an  open  flame  which  is  subject  to  variation  in  height  and  to  the 
effect  of  air  currents.     The  color  of  the  light  is  not  satisfactory, 


342 


ELECTRIC  LIGHTING  61 

being  too  rich  in  tlie  red  rays  and  the  composition  of  the  sperma- 
ceti is  more  or  less  uncertain. 

The  German  Candle  is  made  of  paraffine,  very  pure,  and 
burns  with  a  normal  flame  height  of  50  millimeters  and  is  subject 
to  the  same  disadvantages  as  the  English  candle.  It  uiay  be  nec- 
essary to  trim  the  wick  to  keep  tl;e  flame  height  at  50  millimeters. 
The  light  given  is  a  trifle  greater  than  for  the  spermaceti  candle. 

The  Carcel  Lamp  is  built  according  to  very  careful  specifi- 
cations and  burns  colza  (rape  seed)  oil.  It  has  been  used  to  a 
large  extent  in  France,  but  its  present  application  is  limited. 

The  Pentane  Lamp  is  a  specially  constructed  lamp  burning 
pentane,  prepared  by  the  distillation  of  gasoline  between  narrow 
limits  of  temperature.     This  standard  is  not  extensively  used. 

The  Amyl  Acetate  Lamp.  This  lamp,  known  also  as  the 
Hefner  lamp,  is  at  present  the  most  desirable  standard.  It  is  a 
lamp  built  to  very  careful  specifications,  especially  with  regard  to 
the  dimension  of  the  wick  tube.  It  burns  pure  amyl  acetate  and 
the  flame  height  should  be  40  millimeters.  This  flame  height 
must  be  very  carefully  adjusted  by  means  of  gauges  furnished 
with  the  lamp.  Amyl  acetate  is  a  colorless  hydrocarbon  prepared 
from  the  distillation  of  amyl  alcohol  obtained  from  fusil  oil,  with 
a  mixture  of  acetic  and  sulphuric  acids,  or  by  distillation  of  a 
mixture  of  amyl  acetate,  sulphuric  acid,  and  potassium  acetate. 
It  has  a  definite  composition,  and  must  be  pure  for  this  use. 

The  most  serious  disadvantag-e  of  this  standard  is  the  color  of 
the  light,  inasmuch  as  it  has  a  decidedly  red  tinge  and  is  not 
readily  compared  with  whiter  lights.  Its  value  is  affected  some- 
what by  the  moisture  in  the  air  and  the  atmospheric  pressure,  but 
it  excels  all  other  standards  in  that  it  is  quite  readily  reproduced. 

Below  is  given  the  accepted  value  of  the  English  and  German 
candle  in  terms  of  the  Hefner  unit. 

The  Paraffine  Candle  (Vereinskerze)  I  _-^^  Hefner  Units 
at  a  flame  height  of  50  millimeters.  ) 

The  English  candle  at  a  flame  }  ^  ^^^  Hefner  Units, 
height  of  4o  millimeters . . . .  j 

Working  Standards.  The  units  just  described,  together  with 
some  others,  form  reference  standards,  but  an  incandescent  lamp 
is  generally  used  as  the  working  standard  in  all  photometers.     An 
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incandescent  lamp,  when  used  for  this  work,  should  be  burned  for 
about  two  hundred  hours,  or  until  it  has  reached  the  point  in  the 
life  curve  where  its  value  is  constant,  and  it  should  then  be 
checked  by  means  of  some  standard  when  in  a  given  position  and 
at  a  fixed  voltage.  It  then  serves  as  an  admirable  workincr"stand- 
ard  if  the  applied  voltage  is  carefully  regulated.  Two  such  lamps 
should  always  be  used — the  one  to  serve  as  a  check  on  the  other: 
the  checking  lamp  to  be  used  for  very  short  intervals  only. 

Photometers.  Two  light  sources  are  compared  by  means  of 
a  photometer  which,  in  one  of  its  simplest  forms,  consists  of 
what  is  known  as  a  Bunsen  screen  mounted  on  a  carriage  be- 
tween the  two  lights  being  compared,  with  its  plane  at  right 
angles  to  a  line  passing  through  the  light  sources,  and  arranged 
with  mirrors  or  prisms  so  that  both  sides  of  the  screen  may  be 
observed  at  once.  The  Bunsen  screen  consists  of  a  disc  of  paper 
with  a  portion  of  either  the  center,  or  a  section  around  the 
center,  treated  with  Daraffine  so  as  to  render  it  translucent.     If 

"  J. 

the  liglit  falling  on  one  side  of  this  screen  is  in  excess,  the 
translucent  spot  will  appear  dark  on  that  side  of  the  screen  and 
light  on  the  opposite  side.  Care  must  be  taken  to  see  that  the  two 
sides  of  the  screen  are  exactly  alike,  otherwise  there  will  be  an 
error  introduced  in  using  the  screens.  It  is  well  to  reverse  the 
screen  and  check  readings  whenever  a  new  lot  of  lamps  are  to  be 
tested.  When  the  light  falling;  on  the  two  sides  of  the  screen  is 
the  same,  th.e  transparent  spot  disappears.  The  values  of  the  two 
light  sources  are  then  directly  proportional  to  the  square  of  their 
distances  from  the  screen.  As  an  example,  consider  a  10  candle- 
power  lamp  being  compared  with  a  standard  candle.  Say  the 
translucent  spot  disappears  when  the  screen  is  distant  00  centi- 
meters from  the  standard  candle,  we  then  have  the  ])roportion, 

X  :1  =  (240/  :  (00/  =  10  :  1, 

showing  that  the  lamp  gives  K)  candle-power. 

The  above  law  is  known  as  the  law  of  inverse  squares,  and 
holds  true  only  when  the  dimensions  of  the  light  sources  are  smal' 
comj)ared  with  the  distance  between  them,  and  when  there  are  no 
reflecting  surfaces  present  as  when  the  readings  are  taken  in  a  dark 
room. 
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TLe  proof  that  the  light  varies  inversely  with  the  square  of 
distance  from  the  source  is  as  follows: 

Consider  two  spherical  surfaces,  Fig.  52,  illuminated  by  a 
source  of  light  at  the  center.  The  same  quantity  of  light  falls 
on  both  surfaces. 

Area  of  S  ==  rtTrll-  sq.  ft.  {E  is  in  feet.) 

Area  of  Sj  =  -AttR',  sq.  ft. 

Let  Q  =  total  quantity  of  light  and  <i  =  liglit  falling  on 
anit  surface.     Then, 


'1 


'h 


'l'-'h  = 


Q 


Q 


Q 


Q 


J:7rK^     '    J:7tR^ 


Fig.  52. 


iL  =  ^> 
'h         ^^ 

Fig.  53  shows  the  relation 

in  another  way.     The  area  of  C,  distant  two  units  from  the  source 

of  light  A,  is  four  times  that  of  B  which  is  distant  one  unit. 

The    Lummer=Brodhun    Photometer.       In    addition    to    the 

Bunsen  Screen  described, 

there    are    several    other 

form.s  of  photometers,  the 

most  important  of  which 

a?  is  the  Lummer-Brodhun. 

The   essential    feature    of 

this    instrument    is   the 

optical  train  which  serves 

to  bring  into  contrast  the 

portions  of    the  screen 

illuminated    by   the    two 

sources  of  light.     Referring  to  Fig.  54,  the  screen  S  is  an  opaque 


Fie:.  53. 
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screen  which  reflects  the  light  falling  upon  it  from  L,  to  the  mirror 
M,  when  it  is  again  reflected  to  the  pair  of  glass  prisms  A,  B. 
The  surfaces  sr  are  ground  to  fit  perfectly  and  any  light  falling  on 
this  surface  will  pass  through  the  prisms.  Light  falling  on  the 
surface  ar  or  hs  will  be  reflected  as  shown  by  the  arrows.  We 
see  then  that  the  light  from  L,  which  falls  on  ar  and  h.s,  is  reflected 
to  the  eye  piece  or  telescope  T,  while  that  falling  on  sp  is  trans- 
mitted to  and  absorbed  by  the  black  interior  of  the  containing 
box.     Likewise,  the  light  from  the  screen   L,  is  reflected  by  the 


L.^. 


Fig.  54. 

screen  M,  to  the  pair  of  prisms  A,  B.  The  rays  falling  on  the 
surface  sr  pass  through  to  the  telescope  T,  while  the  rays  falling 
on  {(/'  and  ^.s*  are  reflected  and  absorbed  by  the  black  lining  of  the 
case.  The  field  of  light,  as  then  viewed  through  the  telescope, 
appears  as  a  disc  of  light  produced  by  the  screen  L,,  surrounded 
by  an  annular  ring  of  light  produced  by  L.  When  the  illumina- 
tion on  the  two  sides  of  the  screen  is  the  same,  the  disc  and  ring 
appear  alike  and  the  dividing  circle  disappears. 

In  using  this  screen,  it  is  mounted  the  same  as  the  Bunsen 
screen  and  readings  are  taken  in  the  saine  manner.     The  screen 
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and  prisms  are  arranged  so  that  they  can  be  reversed  readily  and 
two  readings  should  ahvays  be  taken  to  compensate  for  any  ine- 
qualiti3s  in  the  sides  of  the  screen  and  the  reflecting  surfaces,  a 


Fig.  55. 

mean  of  the  two  readings  serving  as  the  true  reading.     This  form  of 

screen  is  used  when  especially  accurate  comparisons  are  required. 

Fig.  55  shows  a  complete  photometer  with  a  Lummer-Brod- 

hun  screen,  while  Figr.  56  shows  a  Bunsen  Screen  and  sigrht  box. 
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In  Fig.  55,  the  lamps  are  shaded  by  means  of  curtains  so  as  to 
leave  only  a  small  opening  toward  the  screen. 


Fig.  56. 

The  Weber  Photometer.  As  an  example  of  a  portable  type 
of  photometer,  we  have  the  Weber.  This  photometer,  shown  in 
Fig,  57,  is  very  compact  and  is  especially. adapted  to  measuring 

intensity  of  illumination  as 
well  \as  the  value  of  licrht 
sources;  it  may  be  used  for 
exploring  the  illumination  of 
rooms  or  the  lighting  of 
streets. 

This  apparatus  consists  of 
a  tube  A,  Fig.  58,  which  is 
mounted  horizontally  and 
contains  a  circular,  opal  glass 
plate  /,  which  is  movable  by 
means  of  a  rack  and  pinion. 
To  this  screen  is  attached  an 
index  finwr  which  moves 
over  a  scale  attached  to  the 
outside  of  the  tube.     A  lamj) 


Fig.  57. 


L. 


I)U  r  II 1  no- 


uenzi  ne, 


IS 


mounted  at  the  end  of  this  tube.  The  benzine  used  should  be  as 
pure  as  possible,  and  the  flame  height  should  be  carefully  adjnsted 
to  20  mm.  when  takino;  readincrs.  At  rijrlit  anHes  to  the  tube  A 
is  mounted  the  tube  B  which  contains  an  eye  ])iece  at  (),  a  Lum- 
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mer-Brodhuu  contrast  prism  at  jyand  a  support  for  opal  or  colored 
glass  plates  at  g. 

Operation.  The  tube  B  is  turned  toward  the  source  of  light 
to  be  measured,  the  distance  from  the  light  to  the  screen  at  g  be- 
ing noted.  The  light  from  this  source  is  diffused  by  the  screen 
at  g,  while  that  from  the  standard  is  diffused  by  the  screen y.  By 
moving  the  screen y,  the  light  falling  on  either  side  of  the  prism 
2)  can  be  equalized.  The  value  of  the  unknown  source  can  be 
determined  from  the  reading  of  the  screen/*,  the  photometer  hav- 
ing previously  been  cali- 
brated by  means  of  a  stand- 
ard lamp  in  place  of  the 
one  to  be  measured.  Thei 
calibration  may  be  plotted 
in  the  form  of  a  curve  or 
it  may  be  denoted  by  a  con- 
stant, C,  when  we  have  the 
formula, 

L3 


I'  =  C 


l' 


Mil  I  I. Ill 


hlih-lililililA 


C  corresponds  to  a  par- 
ticular plate  at  g, 

I  =  distance  of  screen 
f  from  the  benzine  lamp, 
and  L  =  distance  from  the,  .        .  , 

screen  g  to  the  light  source   L° L 

being  measured.     Screens  Fig.  58, 

of  different  densities  may 

be  used  at  g,  depending  on  the  strength  of  the  light  source. 

When  used  for  measuring  illumination,  a  white  screen  is  used 
in  connection  with  this  photometer.  The  screen  is  mounted  in 
front  of  the  opening  at  g,  and  turned  so  that  it  is  illuminated  by 
the  source  being  considered.  Readings  of  the  screen/"  are  taken  as 
before.  A  calibration  curve  is  plotted  for  the  instrument,  using 
a  known  light  source  at  known  distance  from  the  white  screen 
when  the  instrument  is  mounted  in  a  dark  room. 

A  photometer,  known  as  the  Matthews'  Integrating  Photom- 
eter, has  recently  been  placed  on  the  market,  and  a  very  good  idea 
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Fig.  59. 

of  its  construction  can  be  obtained  from  Fig.  5*.l.  By  means  of  a 
system  of  mirrors,  tlie  light  given  by  the  lamp  in  several  direc- 
tions may  be  integrated  and  thrown  on  the  photometer  screen  for 
comparison  with  the  standard,  the  result  giving  the  mean  spherical 
candle-power  from  one  reading.  By  covering  all  but  one  pair  of 
screens,  the  light  given  in  any  one  direction  is  easily  determined. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  tliis  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service,  or 
Engineer's  License.  In  some  cases  numerical  answers 
are  given  as  a  further  aid  in  this  work. 
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REVIEAV    QUESTIONS 

ox      THK      SUIJJKCT      OK 

KEIXEORCED    CONCRETE. 

PART    I 


1.  How  would  you  obtain  testing  samples  from  a  carload  of 
cement? 

2.  ^^  hy  must  kerosene  or  benzine  be  used  instead  of  water  in 
determining  the  specific  gravity  of  cement? 

3.  ^^  hile  determining  the  specific  gravity  of  cementby  Le  Chat- 
elier's  apparatus,  it  was  obsers'ed  that  the  introduction  of  64  grams 
of  cement  increased  the  volume  by  20.3  cubic  centimeters.  What 
was  the  specific  gravity  of  the  cement? 

4.  How  many  holes  should  there  be  in  each  square  inch  of  a 
No.  100  sieve? 

5.  If  a  certain  brand  of  cement  requires  30  per  cent  of  water 
to  produce  a  paste  of  standard  consistency,  how  much  water  should 
be  used  in  a  1:3  mortar? 

6.  What  is  "initial  set,"  how  soon  should  it  develop  and  what 
is  the  standard  test  for  the  time? 

7.  How  much  tensile  strength  should  be  developed  by  a 
briquette  of  neat  Portland  cement  of  good  quality  in  7  days?  In 
28  days? 

8.  Why  does  sand  with  grains  of  variable  size  produce  a 
stronger  concrete? 

9.  Why  are  cinders  sometimes  objectionable  as  an  aggregate 
for  concrete? 

10.  What  general  principles  must  be  followed  to  obtain  the 
densest  concrete  when  using  sand  and  stone  of  definite  sizes?  How 
would  you  determine  the  required  proportions? 

11.  Assume  that  the  voids  in  the  sand  are  measured  to  be 
approximately  40  per  cent  and  that  the  voids  in  the  stone  are  approxi- 
mately 45  per  cent,  using  barrels  containing  3 . 8  cubic  feet  of  cement 
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how  much  cement,  sand,  and  stone  will  be  required  for  100  (iil)ic  yards 
of  1 :  3 :  G  concrete  ? 

1'2.  What  precautions  should  be  taken  to  insure  that  hand- 
mixed  concrete  is  properly  mixed? 

13.  Under  what  conditions  is  it  profitable  to  mix  concrete  by 
machinery? 

14.  ^Yhat  are  the  advantages  and  disadvantages  of  continuous 
mixers  and  batch  mixers? 

15.  What  are  the  practical  difficulties  and  disadvantages,  in 
the  operation  of  automatic  measuring  machines,  of  measuring  the 
materials  of  concrete? 

16.  Under  what  conditions  is  it  proper  to  use  "dry"  concrete? 

17.  Why  is  "wet"  concrete  the  proper  grade  to  use  for  rein- 
forced concrete  work,  especially  when  the  reinforcing  steel  bars  are 
numerous  and  complicated? 

IS.  What  is  the  danger  in  the  excessive  ramming  of  very  wet 
concrete? 

19.  Why  is  there  any  practical  difficulty  in  bonding  old  and  new 
concrete?     What  measures  are  taken  to  obtain  a  good  bond? 

20.  What  is  the  effect  of  freezing  of  concrete  before  it  is  set? 
How  can  concrete  be  safely  placed  in  freezing  weather? 

21.  Describe  one  method  of  finishing  a  concrete  surface  so  as 
to  avoid  any  trace  of  the  forms  or  centering. 

22.  Describe  some  of  the  methods  of  rendering  concrete  water 
tight. 

23.  What  methods  are  used  to  prevent  the  forms  or  centering 
from  adhering  to  the  concrete? 

24.  What  precautions  are  taken  to  prevent  the  lumber  in  the 
forms  from  swelling  or  buckling? 

25.  How  long  should  the  forms  and  centering  for  reinforced 
concrete  remain  in  place  under  various  conditions? 

26.  What  general  principle  must  be  followed  to  obtain  the 
maximum  economy  in  designing  the  forms  for  reinforced  concrete 
work? 
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i.  Whv  is  there  but  little  if  anv  structural  value  to  a  beam 
made  of  plain  concrete? 

2.  State  briefly  the  fundamental  reasons  for  the  economy  of 
using  concrete  for  compressive  stresses  and  steel  for  tensile  stresses. 

3.  ^Miat  is  meant  bv  the  "neutral  axis"  of  a  beam? 

4.  AMiat  is  the  essential  difference  between  the  elasticity  of 
concrete  under  compression  and  that  of  steel  or  wood? 

5.  Develop  the  formula  (equation  3)  for  the  summation  of  the 
compressive  forces  in  a  concrete  beam,  employing  your  own  language 
altogether  and  elaborating  in  detail  ever}'  step  in  the  line  of  argument. 

6.  ^Miat  is  the  value  of  k  when  using  1  per  cent  of  steel  in 
beams  made  of  1:3:6  concrete? 

7.  What  is  the  practical  effect  of  using  a  lower  percentage  of 
steel  than  that  called  for  by  the  theory  (equation  10)?  Is  there  any 
economy  in  using  less  steel? 

8.  What  is  the  practical  effect  of  using  more  steel  than  the 
theon-  calls  for?     Does  it  make  the  structure  anv  stronger? 

9.  Develop  a  series  of  equations  (similar  to  equation  13)  on 
the  basis  of  1 :  2 :  5  concrete  whose  modulus  of  elasticity  (Ec)  is  assumed 
at  2,650,000  and  whose  ultimate  crushing  strength  (c')  is  assumed  at 
2,400  lbs. 

10.  Using  a  factor  of  2  for  dead  load  and  a  factor  of  4  for  live 
load  v.hat  is  the  maximum  permissible  live  load  which  may  be  carried 
on  a  slab  "vsith  a  total  actual  thickness  of  6  inches  and  a  span  of  8  feet? 

11.  If  a  roof  slab  is  to  be  made  of  1 :  3:  6  concrete  and  designed 
to  carr}'  a  live  load  of  40  pounds  per  square  foot  on  a  span  of  10  feet, 
what  should  be  the  thickness  of  the  slab  and  the  spacing  of  f-inch 
square  bars? 
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12.  If  a  floor  slab  panel  is  25  feet  6  inches  wide  (perpendicular 
to  the  direction  of  the  main  reinforcing  bars)  and  the  calculation  shows 
that  ^-inch  bars  should  be  spaced  6f  inches  apart,  how  would  you 
instruct  the  workmen  about  spacing  the  bars  in  such  a  panel? 

13.  A  beam  having  a  span  of  18  feet  is  required  to  carry  a  live 
load  of  12,000  pounds  uniformly  distributed.  Using  1 :  3:  G  concrete 
and  a  factor  of  four  what  should  be  the  dimensions  of  the  beam 
whose  depth  is  approximately  twice  its  width? 

14.  What  will  be  the  intensity  per  square  inch  of  the  maximum 
vertical  shear  in  the  above  beam? 

15.  What  are  the  two  general  methods  of  providing  for  diagonal 
shear  near  the  ends  of  the  beam? 

16.  Make  a  drawing  of  the  beam  designed  in  Question  13  show- 
ing especially  the  reinforcement  and  the  method  of  providing  for  the 
diagonal  shear. 

17.  Discuss  the  advantage  of  using  steel  with  a  high  elastic 
limit  and  also  the  possible  danger  in  such  use. 

18.  Make  a  design  for  a  slab  of  1:3:G  concrete,  reinforced  in 
both  directions  which  is  laid  on  I-beams  spaced  10  feet  apart  in  each 
direction. 

19.  What  will  be  the  bursting  stress  per  inch  of  height  at  the 
bottom  of  a  concrete  tank  having  an  inside  diameter  of  10  feet  designed 
to  hold  water  with  a  depth  of  40  feet?  AVhat  size  and  spacing  of  bars 
will  furnish  such  a  reinforcement? 

20.  With  a  nominal  wind  pressure  of  50  pounds  per  scjuare  foot, 
on  a  flat  surface,  what  will  be  the  intensity  of  the  compression  on  the 
leeward  side  of  the  tank,  allowing  also  for  the  weight  of  the  concrete, 
and  assuming  a  thickness  of  12  inches? 

21.  On  the  basis  of  the  approximate  theory  given  in  the  text, 
what  would  be  the  required  steel  vertical  reinforcement  for  the  above 
described  tank? 

22.  Design  a  retaining  wall  to  hold  up  an  embankment  30  feet 
high,  making  a  cross-sectional  drawing  and  plan  drawing  similar  to 
Fig.  48,  assuming  that  the  buttresses  are  to  be  15  feet  apart. 

23.  Compute  the  required  detail  dimensions  and  the  reinforce- 
ment for  the  box  culvert,  illustrated  in  Fig.  49,  on  the  basis  that  the 
culvert  is  to  be  10  feet  wide,  12  feet  high,  supporting  an  embankment 
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1.  What  points  should  be  borne  in  mind  when  selecting  a 
heating  boiler  for  a  given  service  ? 

2.  Explain  by  an  example  how  to  check  the  catalogue  rating 
of  a  boiler. 

3.  Point  out  the  difference  between  (a)  direct,  (b)  direct- 
indirect,  and  (c)  indirect  radiation. 

4.  State  the  advantages  of  each  type. 

5.'  What  advantages  do  overhead  coils  possess  over  other 
classes  of  direct  radiation  ? 

G.  (a)  With  overhead  coil  heating,  how  should  the  coils  be 
placed  with  reference  to  walls  and  floor  to  secure  the  best  results  ? 
(b)  Why? 

7.  In  what  two  ways  is  heat  given  off  by  a  radiator  ? 

8.  What  advantages  has  a  wet  return  system  over  one  with 
dry  returns  ? 

9.  (a)  In  what  classes  of  buildings,  as  a  rule,  may  the  over- 
head  feed  system  be  used  and  why?  (b)  What  advantages  are 
possessed  over  the  up-feed  system  ? 

10.  When  should  a  two-pipe  system  be  used  in  preference 
to  a  one-pipe? 

11.  Explain  the  action  of  a  siphon  trap  in  balancing  a  low 
pressure  steam  heating  system. 

12.  When  is  it  advisable  to  establish  an  artificial  water  line? 

13.  Explain  in  detail  how  to  compute  the  radiating  surface 
for  low  pressure  steam  in  a  corner  room  IS  ft.  square,  10  ft.  high, 
the  exposed  wall  to  be  16  in.  thick,  ex^^osed  toward  the  north  and 
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west,  and  liaving  glass  surface  equal  to  one-fourth  the  total  exposed 
surface  of  wall  and  glass  combined. 

14.  Describe  the  action  of  aspirating  heaters.  To  be  most 
effective  in  causing  a  rapid  flow  of  air  in  a  flue,  at  what  point 
should  they  be  placed  ? 

15.  State  some  advantages  to  be  secured  by  exhaust  steam 
heating. 

IC.  What  appliances  are  necessary  in  connection  with  exhaust 
steam  heating  that  are  not  used  with  ordinary  low  pressure  heatino-? 

17.  (a)  What  are  the  main  features  in  the  so-called  Vapor 
System?  (b)  What  advantages  are  claimed  over  ordinary  steam 
heating  systems? 

18.  Wliat  is  the  purpose  of  the  '"mercury-seal  "  in  that  type 
of  heatincr  system  ? 

19.  State  the  purpose  and  explain  the  action  of  steam  traps. 

20.  What  is  meant  by  "absolute  pressure"  of  steam  ? 

21.  If  a  pipe  is  80  ft.  long  M'hen  filled  with  steam  at  10.3 
pounds  pressure,  what  will  be  its  length  when  filled  with  steam  at 
100.3  pounds?     Show  method  of  computation. 

22.  Describe  (with  sketches)  several  methods  for  taking  up 
expansion. 

23.  What  is  meant  by  the  term  "O.  D."  pipe  ? 

24.  What  is  the  minimum  thickness  of  "O.  D."  pipe  to 
permit  threading  ? 

25.  (a)  With  low  pressure  piping,  up  to  what  size  is  it 
advisable  to  use  screwed  fittings?  (b)  What  acWantages  are  there 
in  using  flanged  fittings  for  the  larger  sizes? 

26.  Describe  two  types  of  air  valves. 

27.  (a)  Mention  two  kinds  of  dies. 

(b)  What  points  must  be  attended  to  in  order  to  secure 
the  best  results,  in  using  them  ? 

28.  AVhat  advantages  have  pipe  tongs  over  wrenches? 

29.  What  advantages  are  possessed  by  the  overhead  feed 
system  of  hot  water  heating  over  the  up-feed  system? 

30.  AVhat-  precautions  is  it  necessary  to  take  with  regard  to 
expansion  tank  connections  and  why? 

31.  State  some  advantages  claimed  for  (a)  open  tank  (b) 
closed  tank  hot-water  heating  systems. 
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1 .  Explain  the  three-wire  system  of  wiring. 

2.  In  case  a  test  shows  excessive  leakage,  or  a  ground  or  short 
circuit,  how  would  you  locate  the  trouble  and  remedy  it?  ' 

3.  Describe  the  construction  and  use  of  outlet-boxes. 

4.  What  is  the  principal  difference  between  alternating  and 
direct-current  circuits,  so  far  as  concerns  the  wiring  system? 

5.  Compare  the  advantages  of  the  two-wire  and  three-wire 
systems  of  wiring. 

6.  Under  what  general  heads  are  approved  methods  of  wiring 
classified  ? 

7.  x\  single-phase  induction  motor  is  to  be  supplied  with  25 
amperes  at  220  volts ;  alternations  12,000  per  minute;  power  factor . S. 
The  transformer  is  200  feet  from  the  motor,  the  line  consisting  of 
No.  4  wire,  9  inches  between  centers  of  conductors.  The  trans- 
former reduces  in  the  ratio  2,500,  has  a  capacity  of  30  amperes  at  220 

250 
volts,  and,  when  delivering  this  current  and  voltage,  has  a  resistance-E. 
M.  F.  of  2.5  per  cent,  and  a  reactance  E.  M.  F.  of  5  per  cent.     Cal- 
culate the  drop.     (Use  table  and  chart.) 

S.  What  are  the  distinctive  features  of  the  different  kinds  of 
metal  conduit? 

9.  Suppose  power  to  be  delivered,  300  K.  W. ;  E.  M.  F.  to  be 
delivered,  2,200  volts;  distance  of  transmission,  15,000  feet;  size  of 
wire.  No.  00;  distance  between  wires,  24  inches;  power  factor  of  load, 
.7;  frequency,  100  cycles  per  second.  Calculate  fine  loss  and  drop 
in  per  cent  of  E.  M.  F.  delivered.     (Use  table  and  chart.) 

10.  In  installing  A.  C.  circuits,  what  requirements  are  insisted 
on  as  to  the  placing  of  conductors  in  conduits? 

1 1 .  Describe  the  manufacture,  use,  and  special  advantages  of 
the  different  kinds  of  armored  cable. 
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12.  Describe  three  different  methods  of  testing?  Which  is  to 
be  preferred? 

13.  What  conditions  determine  whether  a  two-wire  or  three-wire 
system  of  wiring  should  be  used? 

14.  In  locating  cut-out  cabinets  and  distributing  centers,  what 
requirements  should  be  fulfilled? 

15.  What  is  "knob  and  tube"  wiring?  Plxplain  its  use  and  dis- 
cuss its  advantages  or  disadvantages. 

10.     How  far  apart  should  insulators  be  placed? 

17.  What  tests  should  be  made  before  an  electric  wiring  equip- 
ment is  finally  passed  for  acceptance?     Give  reasons. 

18.  What  regulations  govern  the  use  of  fibrous  tubing? 

19.  What  is  meant  by  mutual  induction? 

20.  What  are  the  advantages  and  disadvantages  of  overhead 
linework  as  compared  with  underground  linework? 

21.  Describe  and  illustrate  by  sketches  proper  methods  of 
supporting  and  protecting  conductors. 

22.  Discuss  the  advantages  of  running  contluctors  exposed  on 
insulators. 

23.  Illustrate  by  diagram,  proper  and  improper  methods  of 
grouping  conductors  of  two  two-wire  circuits. 

24.  What  dangers  are  inherent  in  the  use  of  moulding?  What 
precautions  should  be  taken  to  avoid  them? 

25.  Describe  the  proper  methods  of  laying  out  branch  circuits, 
(a)  in  fireproof  buildings;  (b)  in  wooden  frame  buildings.  Give 
sketches. 

26.  What  methods  of  installing  wiring  are  best  adapted  for  the 
following  classes  of  buildings,  (a)  fireproof  structures;  (b)  mills, 
factories,  etc.;  (c)   finished  buildings;  (d)  wooden  frame  buildings? 

27.  What  is  skin  effect?     Its  bearing  on  the  problem  of  wiring? 
2(S.     In   selecting   runways   for   mains   and    feeders,   what   pre- 
cautions should  be  taken? 
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1  State  the  curreut,  voltage,  candle-power,  and  efficiency  of 
the  incandescent  lamp  most  commonly  used. 

2o     What  do  you  understand  by  the  "  smashing  point"? 

3.  Give  the  main  points  of  difference  between  the  three 
forms  of  arc  lamp  mechanism. 

4.  Mention  the  three  principal  parts  of  the  Nernst  lamp. 

5.  Describe  with  sketch  the  anti -parallel  system  of  feeding. 

6.  Prove  the  law  that  illumination  varies  inversely  with  the 
distance. 

7.  Why  is  arc  light  photometry  a  more  difficult  problem 
than  incandescent  ? 

8.  Calculate  the  illumination  three  feet  above  the  floor  at 
the  center  of  a  room  18  feet  square  and  12  feet  high,  lighted  by 
four  10-candle-power  lamps  9  feet  above  the  floor  at  the  center  of 
the  side  walls,  assuming  the  coefficient  of  reflection  to  be  50%. 

9.  What  material  is  used  for  the  filament  of  incandescent 
lamps  ?     Explain  why. 

10.  From  the  curve  given  in  Fig.  4,  determine  the  efficiency 
which  corresponds  to  the  temperature  of  1300°  Centigrade. 

11.  What  is  the  object  of  double  carbons  in  an  arc  lamp? 

12.  What  is  meant  by  mean  spherical  candle-power? 

13.  What  is  the  function  of  the  heater  in  the  Kernst  lamp? 

14.  Describe  the  Bunsen  Photometer, 

15.  How  does  the  lighting  of  public  halls  differ  from  that  of 
residences  ? 

16.  Why  cannot  platinum  wire  be  used   for  the  filament  of 
incandescent  lamps  ? 
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17.  In  a  direct-current  arc  lamp,  which  carbon  bums  away 
the  more  rapidly  ? 

18.  How  are  arc  lamps  rated  ? 

10.  What  are  the  important  advantages  of  the  two-wire 
parallel  system  of  distribution? 

20.  Name  and  describe  the  most  desirable  standard  for  pho- 
tometric measurements. 

21.  How  many  measurements  should  be  taken  in  the  deter- 
mination of  spherical  intensity? 

22.  What  is  meant  by  flashing?     Explain. 

23.  Define  emissivity. 

24.  If  the  voltage  of  an  incandescent  lamp  be  increased  4% 
above  normal,  what  is  the  effect  on  the  candle-power,  efficiency 
and  light? 

25.  Explain  the  Cooper-IIewitt  lamp,  stating  the  two 
methods  of  starting. 

2G.     Compare  the  open  and  enclosed  arc  lamps. 

27.  Why  is  the  positive  carbon  placed  above  the  negative  in 
a  direct-current  arc  lamp? 

28.  Sketch  and  name  the  different  forms  of  incandescent 
lamp  filaments. 

29.  Lender  what  conditions  can  a  3.1-watt  incandescent  lamp 
be  used? 

30.  What  is  the  function  of  the  arc  lamj)  mechanism? 

31.  What  are  the  advantages  of  the  three-wire  system? 

32.  Whv  is  it  necessary  to  exhaust  the  bulb  of  an  incandes- 
cent  lamp  ? 

38.  At  what  point  in  their  life  should  incandescent  lamps 
be  replaced  ? 

34.  What  is  the  object  of  a  resistance  in  series  with  the  are 
lamjj  in  constant-])otential  direct-current  systems? 

35.  Name  the  advantages  of  the  Nernst  lamp. 

36.  What  sort  of  lamps  and  of  what  candle-power  should  be 
used  in  residence  lighting? 

37.  Give  the  characteristics  of  the  Cooper-Hewitt  lamp. 

88.  What  will  be  the  external  resistance  on  a  110  volt  con- 
stant-potential system,  if  the  load  consists  of  437  lamps  of  16 
candle-power  ? 
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